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INTRODUCTION 

This r e p o r t  r e p r e s e n t s  a  summary review of t h e  p lanning 

and development of t h e  Center  f o r  Space Research b u i l d i n g  

f a c i l i t y  a t  t h e  Massachusetts I n s t i t u t e  of Technology. I t  

c o n s t i t u t e s  t h e  f i n a l  r e p o r t  on t h e  Nat ional  Aeronautics and 

Space Administrat ion F a c i l i t i e s  Grant NGF 22-009-021 which pro- 

vided M . I . T .  wi th  a  major p o r t i o n  of t h e  funds used i n  t h e  con- 

s t r u c t i o n  of t h e  b u i l d i n g .  Interwoven i n  t h i s  d e s c r i p t i o n  of 

t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of t h e  M. I .T .  Center  f o r  Space 

Research a r e  some i n s i g h t s  i n t o  t h e  mot iva t ions  and i n s t i t u t i o n a l  

fo rces  t h a t  have brought  t h e  Space Center  t o  i t s  p r e s e n t  s t a t e  

of development. 

THE NASA SUSTAINING UNIVERSITY PROGRAM 

A t  t h e  t i m e  of t h e  c r e a t i o n  of t h e  Nat ional  Aeronautics  

and Space Adminis t ra t ion  i n  1958, t h e r e  was recogn i t ion  by t h e  

Congress of t h e  importance of continued s t r o n g  working r e l a t i o n -  

s h i p s  between t h e  new space agency and t h e  u n i v e r s i t i e s .  The 

e a r l y  phases of t h i s  developing e f f o r t  c o n s i s t e d  c h i e f l y  of an 

expanded program of p r o j e c t  r e sea rch  which was l a r g e l y  designed 

t o  c o n t r i b u t e  d i r e c t l y  t o  t h e  f u l f i l l m e n t  of NASA's primary 

mission.  This mission inc luded t h e  fol lowing:  " . . . t h e  expansion 

of human knowledge r e l a t e d  t o  phenomena i n  t h e  atmosphere and 

space;  p h y s i c a l  opera t ions  i n  t h e s e  media; and, t h e  peace fu l  

a p p l i c a t i o n s  of t h i s  knowledge and these  c a p a b i l i t i e s  i n  suppor t  

of n a t i o n a l  goa l s .  . ." 



A second s t a g e  of t h e  NASA-university r e l a t i o n s h i p  evolved 

i n  1961 wi th  t h e  es tab l i shment  of t h e  s u s t a i n i n g  u n i v e r s i t y  pro- 

gram i n  which a  s p e c i f i c  purpose was de l inea ted :  " . . . t o  broaden 

.the base  of academic p a r t i c i p a t i o n  and t r a i n i n g  i n  space sc ience  

and eng inee r ing  i n  u n i v e r s i t i e s  throughout t h e  na t ion . . . "  This  

new approach was cen te red  upon t h e  main theme of markedly inc reas -  

i n g  t h e  supply of h igh ly  t r a i n e d  s c i e n t i s t s  and engineers  and 

t h e  f o s t e r i n g  of new i n t e r d i s c i p l i n a r y  r e l a t i o n s h i p s  cons idered  

necessary  f o r  t h e  f u l f i l l m e n t  of  t h e  new n a t i o n a l  space goa l s .  

Implementation of  t h i s  program took e f f e c t  i n  t h r e e  a r e a s  

which proved t o  have fundamental impact on t h e  r e l a t i o n s h i p  of 

t h e  u n i v e r s i t y  t o  t h e  n a t i o n a l  space program. F i r s t ,  a  s t r o n g  

program of graduate s t u d e n t  f e l lowsh ip  suppor t  was provided under 

an ex tens ive  s e r i e s  of t r a i n i n g  g r a n t s .  Next, a  program of 

genera l  r e sea rch  i n  t h e  space sc iences  and eng inee r ing  was 

e s t a b l i s h e d  through t h e  medium of block resea rch  g r a n t s  f o r  

which t h e  u n i v e r s i t i e s  themselves provided o v e r a l l  d i r e c t i o n  

and a d m i n i s t r a t i o n  of t h e  s p e c i f i c  r e sea rch  e f f o r t s .  F i n a l l y ,  

a  s e r i e s  of b u i l d i n g  g r a n t s  were made t o  u n i v e r s i t i e s  t o  provide 

f o r  the development and c e n t r a l i z a t i o n  of t h e  new resea rch  f a c i l -  

i t i e s  i n  suppor t  of t h e  d e s i r e d  expanded space resea rch  and t r a i n -  

ing e f f o r t s .  

M.I .T .  p a r t i c i p a t e d  i n  a l l  t h r e e  phases of  t h i s  program, 

t h e  b u i l d i n g  phase f o r  which a  d e s c r i p t i o n  i s  provided i n  t h i s  

r e p o r t ,  Progress and t e c h n i c a l  r e p o r t s  submit ted  under Tra in ing  



Grant N s G ( T ) - 2 0  ( l a t e r  changed t o  NGT 22-009-020)  have descr ibed 

r e s p e c t i v e  a c t i v i t y  a t  M . I . T .  under t h e s e  o t h e r  phases of t h e  

o v e r a l l  program. 

M. I .  T .  SPACE RESEARCH PROGRAM 

NASA F a c i l i t i e s  Grant NsG(F)-8 ( l a t e r  changed t o  NGF 22 -  

0 0 9 - 0 2 1 )  was made e f f e c t i v e  on June 15,  1963, and provided 

$ 3  m i l l i o n  toward c o n s t r u c t i o n  of a  Center  f o r  Space Research 

on t h e  M.I .T.  campus wi th  t h e  s t i p u l a t i o n  t h a t  n o t  l e s s  than 

$ 1  m i l l i o n  i n  matching funds be provided by M . I . T .  f o r  t h e  t o t a l  

c o s t  of t h e  b u i l d i n g .  A Memorandum of Understanding, s igned by 

t h e  Adminis t ra tor ,  Nat ional  Aeronautics and Space Adminis t ra t ion ,  

and by t h e  P r e s i d e n t  of t h e  Massachusetts I n s t i t u t e  of Technology, 

and which became p a r t  of  t h e  agreement, r e l a t e d  t h e  terms and 

cond i t ions  by which t h e  I n s t i t u t e  in tended ". . . t o  f o s t e r  and 

conduct r e sea rch  i n  a l l  a r e a s  of space - re la ted  s c i e n c e s ,  b r i n g  

t o  b e a r  on t h i s  r e sea rch  t h e  m u l t i d i s c i p l i n a r y  e f f o r t s  charac- 

t e r i s t i c  of a  major u n i v e r s i t y ,  and seek ways i n  which both t h e  

d i r e c t  and t h e  i n d i r e c t  b e n e f i t s  of such resea rch  can c o n t r i b u t e  

t o  t h e  economic, s o c i a l ,  and genera l  w e l l  be ing  of t h e  n a t i o n e n '  

Much progress  has  been made toward these  o b j e c t i v e s ,  How- 

e v e r ,  it should be s a i d  t h i s  progress  has r e s u l t e d  l a r g e l y  f r o m  

M. I .T .  ' s  r e s p o n s i b i l i t i e s  and genera l  t a s k s  a s  a  l ead ing  academic 

i n s t i t u t i o n  of l e a r n i n g  i n  a  r a p i d l y  developing t echno log ica l  

s o c i e t y ,  r a t h e r  than n e c e s s a r i l y  and s p e c i f i c a l l y  i n  response 

t o  t h e  above charge.  



New m u l t i d i s c i p l i n a r y  and i n t e r d i s c i p l i n a r y  r e l a t i o n s h i p s  

and combinations among f a c u l t y  a r e  u s u a l l y  t h e  r e s u l t  more of 

changes i n  t h e  surrounding genera l  technology i t s e l f  than  of 

preplanned combinations of an a r b i t r a r y  n a t u r e .  There must be 

a c e r t a i n  degree of urgency and o v e r r i d i n g  common need be fo re  

a l ready  h e a v i l y  engaged f a c u l t y  i n v e s t i g a t o r s  w i l l  come t o  

depend upon t h e i r  col leagues  i n  new and u n t r i e d  endeavors.  The 

a r r i v a l  of t h e s e  new fo rces  upon t h e  scene i s  l a r g e l y  unpredic t -  

a b l e ,  a s  was t h e  space program i t s e l f .  This l eads  one t o  ques- 

t i o n  j u s t  how one p lans  i n  advance t o  have j u s t  t h e  r i g h t  corn- 

b i n a t i o n  of t a l e n t s  ready t o  meet some f u t u r e  and unknown need. 

Those p r o f e s s i o n a l s  who appear  t o  adapt  most e a s i l y  a r e  those  

wi th  s t r o n g  grounding i n  t h e  b a s i c s  of sc ience  and technology. 

Also, t h e  o r g a n i z a t i o n a l  s t r u c t u r e  b e s t  s u i t e d  f o r  response t o  

t h e s e  new chal lenges  w i l l  emphasize f u n c t i o n a l  f l e x i b i l i t y .  

Therefore,  t h e  resea rch  f a c i l i t y  b e s t  s u i t e d  f o r  a changing tech- 

n o l o g i c a l  scene w i l l  then a l s o  emphasize f l e x i b i l i t y  i n  concept 

and conf igura t ion .  

The es tab l i shment  of t h e  Space Center  a t  M.I .T .  c e r t a i n l y  

d i d  n o t  mark M . I . T i . ' s  o r i g i n a l  e n t r y  i n t o  space - re la ted  resea rch .  

The cosmic ray  research,which was l a t e r  t o  become t h e  nucleus 

of a much expanded space resea rch  e f f o r t  under NASA sponsorship ,  

had been a w e l l  e s t a b l i s h e d  program i n  t h e  I n s t i t u t e ' s  Laboratory 

f o r  Nuclear Science under sponsorship  by t h e  Atomic Energy Corn- 

mission.  New n a v i g a t i o n a l  and guidance systems adap tab le  t o  



space  use  r e p r e s e n t e d  a w e l l  advanced technology o f  t h e  M.1-T. 

I n s t r u m e n t a t i o n  Labora tory  a s  d i d  t h e  advanced r e s e a r c h  on space  

communications, r e - e n t r y  phenomena, and r a d a r  astronomy a t  t h e  

M . I . T .  L incoln  Laboratory.  Both t h e  Lincoln  Laboratory and 

I n s t r u m e n t a t i o n  Laboratory programs had been l a r g e l y  t h e  r e s u l t  

of  s i g n i f i c a n t  and long-s tanding  sponsor sh ip  from t h e  Department 

o f  Defense. The w e l l  known and e a r l y  developments i n  plasma 

p h y s i c s ,  r a d i o  astronomy, and communications theo ry  by r e s e a r c h e r s  

o f  t h e  I n s t i t u t e ' s  Research Labora tory  o f  E l e c t r o n i c s  c l e a r l y  

preceded t h e  advent  o f  t h e  space  program and a g a i n  provided  t h e  

s o l i d  base  f o r  on-going r e s e a r c h  f o r  t h e  new NASA programs i.n 

space  communications t o  b u i l d  upon. 

The Department o f  A e r o n a u t i c a l  Engineer ing  had become t h e  

Department of Aeronaut ics  and A s t r o n a u t i c s  i n  1959 and had 

announced a widening of  t h e  scope of  i t s  t e a c h i n g  and r e s e a r c h  

t o  i n c l u d e  new d i s c i p l i n e s  such a s  t h e  n a v i g a t i o n  and c o n t r o l  

o f  s a t e l l i t e s  and s p a c e c r a f t ,  t h e  des ign  of manned space  v e h i c l e s ,  

and r e s e a r c h  i n t o  t h e  r e l a t e d  problems o f  man's f i r s t  journeys 

i n t o  space .  I t  i n t r o d u c e d  a new e n g i n e e r i n g  s c i e n c e  cu r r i cu lum 

s t r e s s i n g ,  i n  g r e a t e r  dep th ,  t h e  s u b j e c t s  o f  p h y s i c s ,  mathematics ,  

f l u i d  dynamics, and s o l i d  mechanics,  and c i t e d  t h e s e  a s  p a r t i c u -  

l a r l y  s u i t e d  t o  t h e  p r e p a r a t i o n  o f  undergraduate  s t u d e n t s  f o r  

c a r e e r s  i n  aerospace  r e s e a r c h  and development. Announcement 

was made i n  1960 o f  t h e  in t ended  f u r t h e r  o r g a n i z a t i o n a l  evolu-  

t i o n  o f  t h i s  Department i n t o  a new Cen te r  f o r  Aeronaut ics  and 



Ast ronau t i c s  and i t s  i n c l u s i o n  a s  an i n t e g r a l  p a r t  of t h e  M.I.T.  

Second Century Fund d r i v e  f o r  c a p i t a l  funds f o r  new b u i l d i n g s .  

Thus, wi th  t h i s  program, a  s t a r t  had a l ready  been achieved i n  

t h e  r a i s i n g  of t h e  necessary  c a p i t a l  b u i l d i n g  funds f o r  t h i s  

new Center.  The new NASA program b e n e f i t e d  d i r e c t l y  from t h i s  

e a r l y  groundwork a t  M. I . T .  

Other impor tant  a r e a s  of space - re la ted  resea rch  were a l s o  

w e l l  e s t a b l i s h e d  throughout t h e  I n s t i t u t e ,  and many of t h e s e  

became t h e  b u i l d i n g  blocks f o r  expansion under NASA and o t h e r  

Federa l  agency sponsorship  i n  t h e  o v e r a l l  n a t i o n a l  space mission 

a s  it developed i n  t h e  1 9 6 0 ' s .  

The NASA Sus ta in ing  Univers i ty  Program with i t s  impressive 

funding resources  e n t e r e d  t h e  M. I .T .  r e sea rch  f a c i l i t y  p lanning 

p i c t u r e  a t  t h i s  p o i n t  i n  time wi th  i t s  t h r e e - p a r t  program of  

t r a i n i n g  g r a n t s ,  r e sea rch  funding, and new f a c i l i t y  g r a n t s .  

THE M . I . T .  FACILITIES PROPOSAL TO NASA 

Following p re l iminary  d i scuss ions  i n  t h e  f a l l  of 1962 between 

M r .  James E .  Webb, Adminis t ra tor ,  and D r .  Robert C. Seamans, Jr., 

Associa te  Adminis t ra tor ,of  t h e  Nat ional  Aeronautics  and Space 

Adminis t ra t ion ,  and D r .  J u l i u s  A. S t r a t t o n ,  P r e s i d e n t ,  and D r .  

Charles  H .  Townes, Provost ,  of t h e  Massachusetts I n s t i t u t e  of 

Technology, a formal proposal  was submit ted  i n  A p r i l  1963 by 

t h e  I n s t i t u t e  f o r  c o n s t r u c t i o n  of a  Center  f o r  Space Research 

b u i l d i n g  on t h e  M. I .T .  campus. 



This  p roposa l  was accepted  by NASA, and t h e  formal  g r a n t  

documents were made e f f e c t i v e  June 15 ,  1963 .  I n  t h e s e  documents 

agreements were reached t h a t  t h e  c o s t s  of  t h e  new b u i l d i n g  were 

t o  be  sha red  by t h e  NASA s u s t a i n i n g  u n i v e r s i t y  program a t  $ 3  m i l -  

l i o n  and M . I . T .  a t  $1 m i l l i o n .  The new b u i l d i n g  was planned t o  

be i n t e g r a t e d  w i t h  t h e  permanent on-campus b u i l d i n g s  of  t h e  

I n s t i t u t e ,  would encompass approximately 100,000 g ross  squa re  

f e e t  of f l o o r  space ,  and would provide  t h e  necessary  a d d i t i o n a l  

p h y s i c a l  f a c i l i t i e s  f o r  an a p p r e c i a b l e  p a r t  of  M.I .T. ' s  program 

of space  r e s e a r c h .  The new b u i l d i n g  was conceived a s  both  a 

p h y s i c a l  and an i n t e l l e c t u a l  c e n t e r  t o  h e l p  b r i n g  t o g e t h e r  s t u -  

d e n t s ,  e n g i n e e r s ,  f a c u l t y ,  and s u p p o r t  pe r sonne l  i n  c a r r y i n g  

o u t  b a s i c  s p a c e - r e l a t e d  r e s e a r c h  i n  many d i s c i p l i n e s .  I t  was 

t o  house programs f o r  t h e  des ign  and c o n s t r u c t i o n  of space  probes 

f o r  d i r e c t  experiments  i n  space  and t h e  r e d u c t i o n  and a n a l y s i s  

of  space  d a t a  o b t a i n e d  theref rom.  The p roposa l  went on t o  recount 

i n  some cons ide rab le  d e t a i l  d e s c r i p t i o n s  o f  t h e  many M . I . T .  pro- 

grams o f  on-going space  r e s e a r c h  and t h e  I n s t i t u t e q s  i n t e n t  t o  

make every  r easonab le  e f f o r t  t o  b r i n g  i t s  v a r i e t y  of  s c i e n t i f i c  

and eng inee r ing  d i s c i p l i n e s  t o  b e a r  on t h e  g e n e r a l  f i e l d  o f  space  

r e s e a r c h ;  t o  e x p l o r e  mechanisms whereby r e s u l t s  from t h e  space  

program could  b e  f e d  i n t o  i n d u s t r y  and segments of  t h e  i i a t i ~ n . ~ s  

economy; t o  expand t h e  s e a r c h  f o r  u s e f u l  a p p l i c a t i o n s  of  t h e  

space  program; and t o  measure t h e  r e s u l t i n g  economic and s o c i a l  

impact  on t h e  n a t i o n  a s  a whole. 



A n  o r g a n i z a t i o n a l  s t r u c t u r e  f o r  t h e  new Center f o r  Space 

Research was desc r ibed  i n  t h e  companion proposal  f o r  s u s t a i n i n g  

u n i v e r s i t y  r e sea rch  funds which p laced a  D i r e c t o r  (P ro fessor  

John V. Harr ington) i n  charge of t h e  new Center  and r e p o r t i n g  

i n  l i n e  r e s p o n s i b i l i t y  t o  t h e  Provost  and i n  a  s t a f f  capac i ty  

t o  a p o l i c y  committee composed of s e n i o r  academic a d m i n i s t r a t i v e  

s t a f f  and f a c u l t y  of t h e  I n s t i t u t e .  This committee inc luded 

t h e  fo l lowing i n  i t s  o r i g i n a l  membership: 

P ro fessor  Gordon S .  Brown, Dean of t h e  School of Engineering 

p ro fessor  W i l l i a m  W .  Buechner, Head, Department of Physics  

P ro fessor  Charles  S. Draper, Head, Department of 

Aeronautics  and As t ronau t i c s  

P ro fessor  John V. Harr ington,  Depar,tments of Aeronautics 

and As t ronau t i c s  and E l e c t r i c a l  Engineering 

Professor  George R. Harr i son,  Dean of t h e  School of Science 

Professor  Raymond Hide, Departments of Geology and Physics  

P ro fessor  Max F. Mi l l ikan ,  Department of Economics and 

Di rec to r  of t h e  Center  f o r  I n t e r n a t i o n a l  

S tud ies  

P ro fessor  H .  Guy f o r d  S t e v e r ,  Head, Departments of Mechanical 

Engineering and Naval Arch i t ec tu re  

P rofessor  Howard W.  Johnson, Dean of t h e  School of I n d u s t r i a l  

Management 

P ro fessor  Charles  H. Townes, Provost ,  se rved  as  a  member 

(ex  o f f i c i o )  of t h i s  committee and Professor  Harrington was i t s  

chairman. 



A Technical  Committee, made up of s e n i o r  f a c u l t y  r epresen t -  

i n g  t h e  va r ious  s c i e n c e  and eng inee r ing  d i s c i p l i n e s ,  supported 

t h e  D i r e c t o r  i n  coord ina t ing  t h e  o v e r a l l  r e sea rch  a c t i v i t i e s  

planned f o r  t h e  Center .  The membership of t h i s  o r i g i n a l  com- 

m i t t e e  inc luded t h e  fol lowing:  

P ro fessor  Er ik  L. Mollo-Chris t ensen ,  Department of Aero- 

n a u t i c s  and Ast ronaut ics  

P ro fessor  J. Franc i s  R e i n t j e s ,  Department of  E l e c t r i c a l  

Engineering 

Professor  Bruno B. Rossi ,  Department of Physics 

P ro fessor  Nevin S. Scrimshaw, Head, Department of Nutri-- 

t i o n  and Food Science 

Professor  Robert C.  Wood, Department of P o l i t i c a l  Science 

Professor  John V. Harr ington,  D i r e c t o r  of t h e  Center  f o r  

Space Research (Chairman) 

M r .  Lawrence E .  Beckley se rved  as  Adminis t ra t ive  O f f i c e r  

of  t h e  new Center  f o r  Space Research and a s  s e c r e t a r y  t o  the 

p o l i c y  and t e c h n i c a l  committees. 

I n  t h e  implementation of t h e  resea rch  program of  t h e  Center ,  

va luab le  a s s i s t a n c e  was a f fo rded  by D r .  Thomas L. K .  Smull, 

D i rec to r  of t h e  Of f i ce  of Grants and Research Cont rac t s ,  NASA, 

and f o r  t h e  b u i l d i n g  program by M r .  Donald C. Holmes, F a c i l i t i e s  

Chief of t h e  Of f i ce  of Grants and Research Cont rac t s ,  NASA. 

A f t e r  t h e  formation of  t h e  new Center ,  an immediate sea rch  

was launched f o r  temporary q u a r t e r s  on o r  nea r  t h e  M. I .T.  campus 



i n  which t o  b u i l d  up a  program of space resea rch  and t o  c a r r y  

o u t  t h e  impor tant  t a s k  of formula t ing  f u n c t i o n a l  s p e c i f i c a t i o n s  

f o r  t h e  new s t r u c t u r e .  A former i n d u s t r i a l  b u i l d i n g ,  l o c a t e d  

two blocks nor th  of t h e  main campus, was acqui red ,  one f l o o r  

of which was renovated f o r  t h e  Center  f o r  Space Research which 

now f o r  t h e  f i r s t  time became an independent e n t i t y  wi th  a  home 

it could c a l l  i t s  own. Soon a  s t a r t  was made i n  t h e  new Center  

on t h e  build-up of programs and s t a f f  f o r  t h e  Laboratory f o r  

Space Experiments which had t h e  s p e c i f i c  t a s k  of providing 

eng inee r ing  des ign ,  c o n s t r u c t i o n ,  and assembly of payloads f o r  

space e x p l o r a t i o n .  These e a r l y  t a s k s  inc luded proto type  des igns  

f o r  t h e  Sunblazer  s p a c e c r a f t ,  cosmic ray  payload assemblies  f o r  

high a l t i t u d e  ba l loon  f l i g h t s  and sounding rocke t  launchings,  

and i n t e r p l a n e t a r y  plasma experiments on t h e  NASA IMP and 

Explorer  s e r i e s  of s a t e l l i t e  s p a c e c r a f t .  

During t h i s  p e r i o d  c l o s e  a s s o c i a t i o n s  were developed wi th  

t h e  Experimental Astronomy Laboratory under t h e  d i r e c t i o n  of 

P ro fessor  Winston Markey of t h e  Department of Aeronautics  and 

As t ronau t i c s .  This  group had underway promising programs of 

r e sea rch  i n  space nav iga t ion ,  s e n s i n g  of t e r r e s t r i a l  phenomena 

from high a l t i t u d e  a i r c r a f t ,  and o t h e r  r e l a t e d  s t u d i e s .  The 

 an-Vehicle Control  Laboratory,  under t h e  d i r e c t i o n  of Aero- 

n a u t i c s  and As t ronau t i c s  facul ty- -Professor  L. R. Young, Y .  T .  

Li, and J. L. Meiry, wi th  NASA-supported resea rch  i n  man-machine 

i n t e r a c t i o n s ,  was another  group express ing  an i n t e r e s t  i n  coop- . ,' 
e r a t i n g  wi th  t h e  new Center .  



The Cosmic Ray Group of t h e  Laboratory f o r  Nuclear Science 

a t  M. I .T .  proposed t o  t r a n s f e r  i t s  a c t i v i t i e s  under t h a t  labor-  

a t o r y  t o  t h e  Center  f o r  Space Research. A s t r o n g  program of 

space resea rch  was a l ready  i n  be ing  by t h i s  group under t h e  

l e a d e r s h i p  of such d i s t i n g u i s h e d  i n v e s t i g a t o r s  a s  P ro fessors  

B. B. Rossi,  G.  W. Clark ,  D r .  H .  S. Bridge,  and o t h e r s ,  Payload 

eng inee r ing  des ign  and c o n s t r u c t i o n  suppor t  f o r  t h i s  group had 

formerly been provided by t h e  Lincoln Laboratory and t h e  Labor- 

a t o r y  f o r  Nuclear Science.  

I n  a d d i t i o n  t o  t h e  above groups, r e sea rch  space and asso- 

c i a t i o n  wi th  t h e  new Center  was a l s o  sought  by t h e  fol lowing:  

t h e  Space Propulsion Laboratory,  conducting resea rch  i n  gaseous 

n u c l e a r  r o c k e t s ,  hybr id  r o c k e t s ,  and r e l a t e d  t o p i c s  under t h e  

superv i s ion  of  P ro fessors  J. L. Kerrebrock, G. C.  Oates,  M. A. 

Hoffman, and J. E .  McCune of Aeronautics  and As t ronau t i c s ;  t h e  

F l u i d  Dynamics Laboratory wi th  on-going resea rch  i n  t h e  gas 

dynamics of r a r e f i e d  atmospheres under t h e  superv i s ion  of Pro- 

f e s s o r s  L. T r i l l i n g  and H .  Y .  Wachman of Aeronautics and Astro- 

n a u t i c s  ; elements of t h e  Aeroelas t i c  and S t r u c t u r e s  Research 

Laboratory wi th  resea rch  i n t e r e s t s  i n  s o l i d  mechanics and hyper- 

v e l o c i t y  impact under t h e  s u p e r v i s i o n  of P ro fessors  E.  A. Witn~er,  

J. W .  Mar, and T. H .  Pian of Aeronautics  and As t ronau t i c s ;  e l e -  

ments of t h e  E l e c t r o n i c  Sys tems Laboratory engaged i n  r esea rch  

on new c i r c u i t r y  developments f o r  space e l e c t r o n i c s  systems under 

t h e  superv i s ion  of  P ro fessors  J. F. R e i n t j e s  and M. L.  Dertouzos 



of  E l e c t r i c a l  Engineering; a group wi th  s o c i a l  sc ience  i n t e r -  

e s t s  and programs d e a l i n g  wi th  t h e  economic and i n t e r n a t i o n a l  

a s p e c t s  of space resea rch  under t h e  superv i s ion  of P ro fessor  

R. C. Wood of t h e  Department of Economics; a r e sea rch  group l e d  

by Professor  A. Rich of t h e  Department of  Biology wi th  s t u d i e s  

underway on e x t r a t e r r e s t r i a l  l i f e  forms ; and, f i n a l l y ,  a r e sea rch  

group of t h e  Department of N u t r i t i o n  and Food Science engaged i n  

s t u d i e s  of t h e  n u t r i t i o n a l  a s p e c t s  of manned space f l i g h t .  

The foregoing desc r ibes  i n  genera l  terms those  resea rch  

groups which u l t i m a t e l y  moved i n t o  t h e  Center  b u i l d i n g  when i t  

was completed i n  t h e  f a l l  of 1967. 

Actual ly ,  d i scuss ions  were h e l d  wi th  s t i l l  o t h e r  groups 

engaged i n  space - re la ted  resea rch  dur ing  t h e  des ign  s t a g e s  of 

t h e  b u i l d i n g  i n  l a t e  1963 and e a r l y  1964, b u t  f o r  a number of 

d i v e r s e  reasons ,  t h e  f i n a l  s e l e c t i o n s  came down t o  t h e  groups 

desc r ibed  above. 

A s  of t h e  d a t e  of t h i s  r e p o r t ,  minor s h i f t s  have taken p lace  

i n  t h e s e  a f f i l i a t i o n s  w i t h i n  t h e  Space Center  b u t  t h e s e  r e p r e s e n t  

no g r e a t e r  changes than would normally be expected i n  any s i m i l a r  

evo lu t ionary  process  a t  t h e  I n s t i t u t e .  

THE CENTER BUILDING DESIGN C R I T E R I A  

Inasmuch a s  t h e  new b u i l d i n g  was t o  be  i n t e g r a t e d  wi th  

e x i s t i n g  and newly planned permanent campus b u i l d i n g s  of t h e  

I n s t i t u t e ,  c e r t a i n  c o n s t r a i n t s  e x i s t e d  e a r l y  i n  t h e  e v o l u t i o n  



Of t h e  des ign .  The s i t e  s e l e c t e d  l i m i t e d  t h e  b u i l d i n g  width t o  

a  maximum of about 78  f e e t ;  o v e r a l l  h e i g h t  c o n s t r a i n t s  d i c t a t e d  

a  h e i g h t  of n o t  more than  s i x  f l o o r s .  

These, combined wi th  a t o t a l  expected f l o o r  a r e a  of about  

100,000 square  f e e t ,  produced a  b u i l d i n g  l eng th  of about  1 9 0  

f e e t .  The underground cond i t ions  of deep s o f t  c l a y  and s i l t  

d i c t a t e d  a  p i l e  foundation.  The requ i red  b r i d g i n g  of dua l  

24-inch underground water  mains r u l e d  o u t  a  s i n g l e  r e i n f o r c e d  

concre te  s l a b  foundation.  P i l e  c l u s t e r s  were requ i red  t o g e t h e r  

wi th  a  car ryover  r e i n f o r c e d  concre te  beam s t r u c t u r e  t h a t  was 

u l t i m a t e l y  c a r r i e d  upward t o  form t h e  main s t r u c t u r e  of t h e  

bu i ld ing .  A wider  b u i l d i n g  was d e s i r e d  which would have allowed 

a  double c o r r i d o r  arrangement wi th  o f f i c e s  on t h e  pe r imete r  and 

l a b o r a t o r y  and s e r v i c e  a r e a s  i n  t h e  c e n t r a l  p o r t i o n  of t h e  bu i ld -  

ing .  This  would have more n e a r l y  met t h e  need f o r  a  g r e a t e r  Pro- 

p o r t i o n  of o f f i c e  space than could be obta ined wi th  t h e  s i n g l e  

c o r r i d o r  des ign .  However, t h i s  was compensated f o r  somewhat by 

making p a r t  of t h e  c e n t r a l  a r e a  i n t o  s t u d e n t  o f f i c e  space and 

p l a c i n g  a d d i t i o n a l  o f f i c e s  along t h e  o u t e r  w a l l s  i n  some of t h e  

l a r g e r  l a b o r a t o r i e s .  

With t h e  o v e r a l l  b u i l d i n g  shape and p ropor t ions  e s t a b l i s h e d ,  

t h e  n e x t  major cons ide ra t ion  involved t h e  d e c i s i o n  making r e l a t e d  

t o  assignment of r e sea rch  space t o  s p e c i f i c  u s e r  groups. As has  

been po in ted  o u t  e a r l i e r ,  more space resea rch  was a l ready  underway 

a t  t h e  I n s t i t u t e  than could be accommodated i n  t h e  new b u i l d i n g  



t o  say nothing of expected f u t u r e  growth. The program objec-  

t i v e s  r equ i red  a m u l t i d i s c i p l i n a r y  c h a r a c t e r  i n  t h e  resea rch .  

Immediately then ,  an impor tant  d e c i s i o n  was t h r u s t  upon t h e  

b u i l d i n g  p lanners .  I t  became necessary  e i t h e r  t o  accommodate 

whole groups whi le  l eav ing  o u t  o t h e r s  o r ,  a l t e r n a t i v e l y ,  t o  

inc lude  a s e r i e s  of c r i t i c a l  s i z e  o r  r e p r e s e n t a t i v e  sample 

groups from each of t h e  s e v e r a l  d i s c i p l i n e s .  A combination of  

these  f a c t o r s  was u l t i m a t e l y  agreed upon. Some whole groups 

t h a t  could be reasonably accommodated, such a s  the  Cosmic Ray 

Group, t h e  Man-Vehicle Laboratory,  and t h e  F l u i d  Dynamics Labor- 

a t o r y ,  were provided f o r .  I n  t h e  cases  of t h e  remaining e i g h t  

o r  n ine  groups, c r i t i c a l  s i z e  elements were provided f o r .  I n  

a l l  of t h e s e  dec i s ions  an impor tant  f a c t o r  concerned t h e  a v a i l -  

a b i l i t y  of  o t h e r  permanent space elsewhere a t  t h e  I n s t i t u t e .  

With occupancy of t h e  b u i l d i n g  more than two yea rs  away, prob- 

lems were a l s o  r a i s e d  about  t h e  changing n a t u r e  of t h e  va r ious  

resea rch  programs, turnover  among t h e  s e v e r a l  p r i n c i p a l  inves-  

t i g a t o r s ,  and t h e  changing c h a r a c t e r  of  eng inee r ing  and sc ien-  

t i f i c  r e sea rch  i t s e l f  i n  terms of f a c i l i t y  needs. A s  a r e s u l t ,  

it was decided t h a t  expensive and i n f l e x i b l e  s p e c i a l  purpose 

f a c i l i t y  i tems should be k e p t  t o  a minimum. Movable p a r t i t i o n s  

were recommended wherever p r a c t i c a b l e ,  and p a r t i c u l a r l y  i n  t h e  

l abora to ry  a r e a s .  I n  t h i s  r e s p e c t ,  compromises were necessary  

r i g h t  from t h e  beginning.  The b a s i c  s t r u c t u r a l  arrangement i n  

t h e  b u i l d i n g ,  a l ready l a r g e l y  d i c t a t e d  by t h e  s i t e ,  n e c e s s i t a t e d  



a  c e n t r a l l y  l o c a t e d ,  l o n g i t u d i n a l  double-beam conf igura t ion  

about  s i x t e e n  f e e t  wide. This  gave two a r e a s  on each s i d e  of 

t h e  b u i l d i n g ' s  c e n t r a l  core  wi th  dimensions of about  2 8  f e e t  

by 190 f e e t  and f r e e  of columns. Five equally-spaced v e r t i c a l  

s e r v i c e  f l u e s  were provided i n  t h e  c e n t r a l  s t r u c t u r a l  core  along 

wi th  t h e  e l e v a t o r s ,  s t a i r w e l l s ,  t o i l e t s ,  and o t h e r  s e r v i c e  f a c i l -  

i t i e s .  The remaining f l e x i b i l i t y  i n  arrangement was reduced a t  

t h i s  p o i n t  t o  t h e  l o c a t i o n  of p a r t i t i o n s  d i v i d i n g  t h e  long,  

l o n g i t u d i n a l  spaces  i n t o  o f f i c e s  and a  c o r r i d o r  on one side, 

and l a b o r a t o r i e s  and some o f f i c e s  on t h e  o t h e r .  

Since the long dimension of t h e  b u i l d i n g  ran  approximately 

e a s t  t o  w e s t ,  t h e  nor th  window w a l l  was chosen f o r  t h e  p r i n c i p a l  

o f f i c e s .  This  s e l e c t i o n  then p laced t h e  b u i l d i n g  c o r r i d o r  between 

t h e  o f f i c e s  on one s i d e  and t h e  l o n g i t u d i n a l  core  s t r u c t u r e  on 

t h e  o t h e r .  With t h e  l abora to ry  a r e a s  now l o c a t e d  on t h e  south  

w a l l ,  d i r e c t  s u n l i g h t  exposure on t h a t  w a l l ,  p l u s  t h e  need t o  

make maximum use of w a l l  space i n  t h e  l a b o r a t o r i e s ,  s t r o n g l y  

in f luenced  t h e  d e c i s i o n  t o  incorpora te  a  s o l i d  o u t e r  w a l l  with 

a  minimum of open window space.  

Ear ly  i n  t h e  des ign ,  a  g e n e r a l  I n s t i t u t e  p o l i c y  d e c i s i o n  

had been made t o  use a  window w a l l  module dimension of 9.5 f e e t .  

This  f i x e d  o f f i c e  width dimensions a t  9.5 f e e t  o r  mul t ip les  

t h e r e o f .  The l o c a t i o n  and width requirement  o f  t h e  c o r r i d o r  

and t h e  c e n t r a l  core  s t r u c t u r a l  des ign  f i x e d  t h e  o f f i c e  depth 

dimensions. The modular dimension of 9 . 5  f e e t  o r  m u l t i p l e s  



the reof  a l s o  f i g u r e d  i n  t h e  dimensions of l abora to ry  space.  

However, l a t e r  exper ience  showed t h a t  t h i s  f a c t o r  d i d  n o t  

apprec iably  a f f e c t  t h e  genera l  w o r k a b i l i t y  of t h e  d e s i r e d  

l a b o r a t o r y  l a y o u t  conf igura t ions .  Most needs were met wi thout  

s e r i o u s  compromise. However, it must be s t a t e d  t h a t  t h e  

r e s u l t i n g  o f f i c e  conf igura t ions  were l e s s  than  optimum and 

genera l ly  t o o  smal l .  From t h e  exper ience  i n  t h i s  b u i l d i n g  

des ign ,  an o f f i c e  depth of n o t  l e s s  than about t h i r t e e n  f e e t  

coupled wi th  s e l e c t i v e  widths of t e n ,  f i f t e n ,  and twenty f e e t  

would have more a p p r o p r i a t e l y  s u i t e d  t h e  v a r i a b l e  needs of t h e  

Space Center  f a c u l t y ,  r e sea rch  s t a f f  and s t u d e n t  occupants.  

The d e c i s i o n  t o  incorpora te  a i r  cond i t ion ing ,  which was 

i n  accord wi th  t h e  genera l  p lans  of t h e  I n s t i t u t e  f o r  a l l  new 

campus b u i l d i n g s ,  produced a  q u i e t e r  and c l e a n e r  b u i l d i n g  i n  

which t o  c a r r y  o u t  r e sea rch  on a  year-round b a s i s  a s  w e l l  a s  

supplying an e s s e n t i a l l y  dus t -  f r e e  l abora to ry  environment s o  

impor tant  t o  much of t h e  resea rch  a c t i v i t y  i n  t h e  Space Center .  

This  f e a t u r e  has proved repea ted ly  t o  have been a  r e a l  advantage 

t o  some of t h e  more d e l i c a t e  instrument- type resea rch  p r o j e c t s  

a s  w e l l  a s  t o  those  having o t h e r  s p e c i a l  environmental requi re-  

ments. I n  l o c a t i o n s  where ob jec t ionab le  odors a r e  produced, 

such a s  t h e  animal l a b o r a t o r i e s  i n  t h e  l i f e  sc ience  resea rch  

a r e a s ,  an a i r  p ressure  d i f f e r e n t i a l  i s  maintained a t  a l l  t imes 

such t h a t  t h e  odors produced a r e  c a r r i e d  o u t  through t h e  exhaust  

system. A i r  exhausted from t h e s e  a reas  i s  n o t  reused a s  i s  t h e  

case  i n  much of  t h e  remainder of  t h e  b u i l d i n g .  



A h a r d e r  dec i s ion  concerned t h e  choice of us ing  a four-inch 

c i n d e r  block i n t e r i o r  w a l l  c o n s t r u c t i o n  i n  l i e u  of demountable 

w a l l  pane l s .  The l a t t e r  were recognized a s  be ing more e a s i l y  

changed, b u t  were a l s o  cons idered  more expensive , had poorer  

sound t ransmiss ion  p r o p e r t i e s ,  and were n o t  conducive t o  t h e  

easy  mounting of e l e c t r i c a l ,  plumbing l i n e s  and l abora to ry  

equipment. The f i n a l  d e c i s i o n  went t o  t h e  c i n d e r  block w a l l .  

However, exper ience  has  shown t h a t  t h i s  type  of w a l l  somehow 

manages t o  r e s i s t  change and thus  discourages rearrangement of 

spaces even when reasonably j u s t i f i e d .  For a changing program 

r e q u i r i n g  f a i r l y  f r e q u e n t  rearrangement of spaces ,  t h e  demount- 

a b l e  w a l l  would probably have s t i l l  been t h e  b e s t  choice i n  t h e  

long run,  a t  l e a s t  f o r  t h e  genera l  l abora to ry  a r e a s .  

The foregoing comments have been f a c t u a l  and t o  t h e  p o i n t  

of perhaps o f f e r i n g  advice u s e f u l  f o r  f u t u r e  b u i l d i n g  designs 

having s i m i l a r  use p a t t e r n s .  Evidence would i n d i c a t e  t h a t  some 

of t h e  problems c i t e d  above have a l ready  l e d  t o  b e t t e r  solut i .ons 

i n  subsequent new b u i l d i n g s  be ing  used f o r  s i m i l a r  purposes a t  

M . I . T .  

A s  a ma t t e r  of r ecord ,  t h e  completed b u i l d i n g  has  evoked 

o v e r a l l  f avorab le  comment i n  t e r m s  of i t s  g e n e r a l  appearance 

and a s  a comfortable and e f f i c i e n t  p lace  t o  work and t o  t each .  

I ts  meeting rooms and classrooms have been i n  r a t h e r  cons tan t  

demand. I t s  o f f i c e s  and l a b o r a t o r i e s  have been w e l l  populated 

wi th  a v a r i e t y  of space resea rch  a c t i v i t i e s .  The only evidence 



of l e s s  than f u l l  capac i ty  use of  a l l  l a b o r a t o r y  spaces appears  

t o  have been more r e l a t e d  t o  t h e  changing n a t u r e  of  t h e  space 

resea rch  program i t s e l f ,  induced by varying budgetary and pro- 

gram cons ide ra t ions  r a t h e r  than  by any de f i c iency  i n  t h e  bu i ld -  

i n g  des ign .  A t  t h e  time of t h e  w r i t i n g  of t h i s  r e p o r t ,  t h e  

n a t i o n a l  space program was being s u b j e c t e d  t o  a  severe  rea l ign-  

ment of program o b j e c t i v e s  wi th  r e s u l t a n t  u n c e r t a i n t i e s  c a s t  

on f u t u r e  sponsorship  f o r  many resea rch  p r o j e c t s  f o r  which t h e  

under ly ing foundations of b a s i c  r e sea rch  had been thought  t o  

have been w e l l  l a i d .  Again, a l l  t h i s  emphasizes t h e  importance 

of d e l i b e r a t e l y  and r e s o l u t e l y  des igning i n  f l e x i b i l i t y  i n  any 

such new b u i l d i n g  des ign  and of s t r o n g l y  r e s i s t i n g  t h e  tempta t ion  

t o  incorpora te  expensive s p e c i a l  purpose equipment f e a t u r e s  and 

f a c i l i t i e s  t h a t  may have l i m i t e d  u s e f u l  l i f e  spans .  

THE COMPLETED BUILDING AND COST TABULATIONS 

The s e l e c t i o n  of t h e  b u i l d i n g  a r c h i t e c t  had been made by 

t h e  I n s t i t u t e  on t h e  b a s i s  of  t h e  assignment of  segments of  t h e  

M . I . T .  campus t o  each of  s e v e r a l  q u a l i f i e d  a r c h i t e c t s .  The 

o b j e c t i v e  of t h i s  procedure was t o  i n s u r e  a r c h i t e c t u r a l  compat- 

i b i l i t y  of a d j a c e n t  s t r u c t u r e s  on t h e  campus t o  t h e  maximum 

e x t e n t  p r a c t i c a b l e .  The f i r m  of  Skidmore, Owings and M e r r i l l ,  

Chicago, I l l i n o i s ,  was des ignated  t o  provide  a r c h i t e c t u r a l  

s e r v i c e s .  M r .  Walter  A. Netsch, Jr., was ass igned a s  P r i n c i p a l  

and was a s s i s t e d  by M r .  A l b e r t  Locket t .  





The p r e l i m i n a r y  des ign  of t h e  b u i l d i n g  was s t a r t e d  i n  t h e  

summer o f  1963 and t h e  p r e l i m i n a r y  p l a n s  were submi t t ed  by t h e  

a r c h i t e c t  t o  M.I.T. i n  December 1963. Copies of  t h e s e  p l a n s  

were s e n t  t o  NASA i n  January  1964. A d e t a i l e d  b u i l d i n g  budget  

was e s t a b l i s h e d  by M . I . T .  i n  February 1 9 6 4 .  Layout p l a n s  and 

s p e c i f i c a t i o n s  s u p p l i e d  by t h e  a r c h i t e c t  were reviewed by M. I .T .  

i n  A p r i l  1964 and f u r t h e r  reviewed among t h e  a r c h i t e c t ,  M.I,T, 

r e p r e s e n t a t i v e s  and NASA r e p r e s e n t a t i v e s  a t  t h e  Goddard Space 

F l i g h t  Center  i n  May 1 9 6 4 .  

D e t a i l e d  p l a n s  and s p e c i f i c a t i o n s  f o r  t h e  g e n e r a l  cons t ruc-  

t i o n  c o n t r a c t  w e r e  completed and made ready f o r  p r o s p e c t i v e  

b i d d e r s  i n  A p r i l  1965. Formal b i d s  were r e c e i v e d  from e l e v e n  

f i r m s  on t h e  due d a t e ,  May 1965. The lowes t  b i d  was about  

t e n  p e r c e n t  h i g h e r  t h a n  t h e  e s t i m a t e  p l u s  cont ingency provided  

f o r  t h e  g e n e r a l  c o n s t r u c t i o n  c o n t r a c t .  This  was a  p e r i o d  of  

s h a r p l y  r i s i n g  b u i l d i n g  c o s t s .  The h igh  b i d s  f o r c e d  a  h.ard 

d e c i s i o n  t o  t r y  t o  p r e s e r v e  t h e  a v a i l a b l e  low b i d  r a t h e r  than 

r i s k  a  long  de lay  and even h i g h e r  c o s t s  f o r  e s s e n t i a l l y  t h e  same 

o v e r a l l  b u i l d i n g  des ign .  Many a l t e r n a t i v e s  i n  t h e  des ign  w e r e  

dropped a t  t h i s  p o i n t  which r e s u l t e d  i n  a  l e s s  than  optimum 

f i n a l  p roduc t .  For  i n s t a n c e ,  n e a r l y  a l l  o f  t h e  c e i l i n g  t i l e  

was omi t t ed  throughout  t h e  b u i l d i n g ,  and t h i s  l a t e r  proved t o  

be  an u n f o r t u n a t e  d e c i s i o n  i n  t e r m s  o f  b u i l d i n g  n o i s e  c o n t r o l .  

Experience has  shown t h a t  t h i s  n o i s e  c o n t r o l  i s  v i t a l  i n  the 

normal use  of  t h e  b u i l d i n g .  Other  i n t e r n a l  b u i l d i n g  f e a t u r e s  



of a  more s u b t l e  n a t u r e  were downgraded i n  t h i s  round o f  modi- 

f i c a t i o n s  d e s p i t e  t h e  f a c t  t h a t  t h e  M.I.T. p o r t i o n  o f  t h e  

b u i l d i n g  budget  was i n c r e a s e d  t o  compensate p a r t i a l l y  f o r  t h e  

over run  i n  e s t i m a t e d  c o s t s .  

Approval t o  proceed wi th  t h e  b u i l d i n g  c o n s t r u c t i o n  was 

r e c e i v e d  from NASA i n  J u l y  1965, and t h e  g e n e r a l  c o n t r a c t o r ,  

Jackson Cons t ruc t ion  Company, Inc .  , was a u t h o r i z e d  t o  proceed 

on J u l y  30, 1965. The c o n t r a c t  c o n s t r u c t i o n  p e r i o d  was des ig -  

n a t e d  a t  620 c a l e n d a r  days ,  o r  complet ion by A p r i l  1967. Various 

d e l a y s  occur red  du r ing  t h e  b u i l d i n g  c o n s t r u c t i o n ,  some due t o  

de layed  m a t e r i a l  d e l i v e r i e s  b u t  p r i n c i p a l l y  concerned w i t h  t h e  

e x t r a  t i m e  needed f o r  p i l i n g  and founda t ion  work. The f i r s t  

occupancy of  t h e  b u i l d i n g  took p l a c e  i n  December 1967 and t h e  

b u i l d i n g  was e s s e n t i a l l y  i n  complete o p e r a t i o n  i n  February 1968. 

The o r i g i n a l  e s t i m a t e d  c o s t  f o r  t h e  Center  f o r  Space Research 

b u i l d i n g  p r o j e c t  was $4 m i l l i o n  w i t h  $3 m i l l i o n  t o  be  provided  

by NASA under  b u i l d i n g  g r a n t  NSG(F)-8 ( l a t e r  changed t o  N G F  22-  

009-021) and $1  m i l l i o n  from M.I.T. The o r i g i n a l  g e n e r a l  con- 

s t r u c t i o n  c o n t r a c t  w i t h  t h e  Jackson Cons t ruc t ion  Company, Inc .  

was f o r  $3,334,100 and t h e  f i n a l  t o t a l  va lue  a f t e r  a l l  changes 

was $3,504,038.88. The f i n a l  t o t a l  c o s t  f o r  t h e  e n t i r e  p r o j e c t  

was $4,529,767.79 o f  which $1,529,767.79 was provided  by M.I.T. 

The t a b u l a t i o n  o f  t h e s e  c o s t s  w i th  a  breakdown i n t o  a p p r o p r i a t e  

c a t e g o r i e s  i s  shown i n  Table  I. 



TABLE I. M.I .T.  CENTER FOR SPACE RESEARCH 

BUILDING COSTS 

M a r c h  1 9 6  4  
NASA/M.I.T. M.I .T .  B u d g e t  

J u l y  1 9 6 5  
A f t e r  B i d s  

S e p t e m b e r  1 9 6 9  
F i n a l  C o s t s  

C o n s t r u c t i o n  
c o n t r a c t  $ 3 , 2 8 0 , 0 0 0  

C e n t r a l  c h i l l e d  
w a t e r  f a c i l i t y  -- 

A r c h i t e c t s  a n d  
e n g i n e e r s  fees 

U t i l i t i e s  8 0 , 0 0 0  

S i t e  d e v e l o p m e n t  -- 
F i x e d  e q u i p m e n t  -- 
F u r n i s h i n g s  6 5 , 0 0 0  

S u r v e y s ,  b o r i n g ~  
a n d  t e s t i n g  1 5 , 0 0 0  

S u p p l e m e n t a r y  
c o n s t r u c t i o n  2 0 , 0 0 0  

M i s c e l l a n e o u s  5 , 0 0 0  

R e s i d e n t  engineer  
a n d  i n s p e c t i o n  1 0 , 0 0 0  

Moving 2 5 , 0 0 0  

C o n t i n g e n t  1 5 0 , 0 0 0  

T o t a l  $ 4 , 0 0 0 , 0 0 0  



Table I ,  continued 

Other a r c h i t e c t  and 
eng inee r ing  f e e s  

U t i l i t i e s  

Res ident  eng inee r ,  
s a l a r i e s  and b e n e f i t s  

Supplementary corn- 
s t r u c t i o n  c o s t s  

Furnishings  

Contingency 

Moving 

Mate r i a l s  and 
s e r v i c e s  and 
Phys ica l  P l a n t  
expense 

Equipment 

Miscellaneous 

T o t a l  $ -- 
- 

P r o j e c t  T o t a l  $4,000,000 



DEDICATION O F  THE BUILDING 

Formal ded ica t ion  of t h e  new Center f o r  Space Research 

Bui ld ing  took p lace  on A p r i l  2 5 ,  1968. The program f o r  t h i s  

memorable occasion is  p r i n t e d  on t h i s  and t h e  fol lowing pages. 

The t a l k s  given by i n v i t e d  gues t s  and members of t h e  M. I.T. 

community a r e  conta ined i n  t h i s  s e c t i o n  of t h e  r e p o r t .  

b:30 a.m. Kresge Auditorium 
R e g i s t r a t i o n  and cof fee  

9:00 a.m. Report: 
Se lec ted  Research A c t i v i t i e s  of t h e  Center  
f o r  Space Research 

Opening remarks 
Jerome B. Wiesner, Provost ,  M.  I . T o  

In t roduc t ion  
John V. Harr ington,  Di rec to r  of t h e  
Center  f o r  Space Research, M.I.T. 

Speakers 

Herber t  S .  Bridge 
Professor  of Physics ,  M.I.T. 

William L. Kraushaar 
P ro fessor  of Physics ,  Univers i ty  of  Wisconsin 

Winston R.  Markey 
Professor  of Aeronautics  and As t ronau t i c s ,  M,I.T, 

Bruno B. Rossi 
I n s t i t u t e  P ro fessor ,  M . I . T .  

Nevin S. Scrimshaw, Head of  t h e  Department 
of N u t r i t i o n  and Food Science ,  M.I.T. 

Eugene B. Skolnikof f  
P ro fessor  of P o l i t i c a l  Science ,  M . I . T .  



12:30 p.m. J u l i u s  Adams S t r a t t o n  Bui ld ing  
Informal  r ecep t ion  f o r  de lega tes  

1 : O O  p.m. J u l i u s  Adams S t r a t t o n  Bui ld ing  
Dedicat ion luncheon f o r  d e l e g a t e s  

In t roduc t ion  
James R. K i l l i a n ,  Jr. 
Chairman of t h e  Corporat ion,  M. I .T .  

Remarks 
James E.  Webb, Adminis t ra tor  
Nat ional  Aeronautics  and Space Administrat ion 

Response 
Howard W. Johnson 
P r e s i d e n t ,  M . I . T .  

John V. Harr ington,  D i r e c t o r  of t h e  
Center  f o r  Space Research, M.I .T .  

3:OO p.m. Center  f o r  Space Research 
Informal  r e c e p t i o n  and open house 
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A Note about t h e  Center  f o r  Space Research a t  M.I .T.  
(From t h e  Dedicat ion Program and Brochure--April 2 5 ,  1968) 

The branches of sc ience  and eng inee r ing  involved i n  space 

resea rch  comprise many d i s c i p l i n e s  which, i n  t h e  p a s t ,  have 

r a r e l y  been c a l l e d  upon t o  pool  t o  s o  g r e a t  an e x t e n t  t h e i r  

r e s p e c t i v e  resources  i n  t h e  achievement of a  common v i t a l  goa l ,  

Astronomy, a  sc ience  a s  o l d  a s  man h imse l f ,  has had a  s t a r t l i n g  

r e b i r t h  brought  about by new and seemingly l i m i t l e s s  poss ib i l - i -  

t i e s  f o r  ga the r ing  new f a c t s  about  our  universe .  The space age 

has demanded an almost  exp los ive  development of e x a c t i n g  engineer-  

i n g  techniques t o  c a r r y  man i n t o  space and t o  c o n t r o l  h i s  environ- 

ment: new m a t e r i a l s  and s t r u c t u r a l  methods t o  meet changing 

c o n s t r a i n t s  imposed by we igh t l e s sness ,  r a d i a t i o n  and vacuum con- 

s i d e r a t i o n s ,  complex sensors  t o  measure a  v a r i e t y  of i n t e r p l a n e -  

t a r y  phenomena by new means and t o  new accurac ies ,  improved 

systems f o r  d a t a  s t o r a g e ,  r e t r i e v a l  and t ransmiss ion ,  severe  

r e l i a b i l i t y  s t andards  and mic romin ia tu r i za t ion  of components 

and systems, man-machine i n t e r a c t i o n  s t u d i e s  of  g r e a t  s o p h i s t i -  

c a t i o n  and importance, and many o t h e r s .  The new phys ica l  f a c t s  

and t e c h n i c a l  knowledge be ing  genera ted  by t h e  space program i n  

an ever  widening s t ream a r e  n o t  only r e v i s i n g  man's long-standing 

concept of t h e  nea r  s o l a r  system b u t  a r e  a l s o  des t roy ing  s c i e n t i f i c  

t h e o r i e s  of long s t and ing  i n  many f i e l d s .  New t h e o r i e s  a r e  be ing  

demanded t o  r e p l a c e  t h e  o ld .  The understanding t h a t  w i l l  undolubt- 

e d l y  come from t h e s e  new t h e o r i e s  i n e v i t a b l y  w i l l  b r i n g  about  



s t a r t l i n g  and fundamental changes i n  man's concept of h i s  envi-  

ronment and h imse l f .  

The programs t o  e s t a b l i s h  a Center  f o r  Space Research a t  

t h e  Massachusetts I n s t i t u t e  of  Technology evolved from s e v e r a l  

urgent  cons ide ra t ions :  f i r s t ,  t h e  d e s i r e  t o  broaden t h e  i n t e r -  

d i s c i p l i n a r y  hor izons  of r e s e a r c h e r s  t o  meet t h e  new techno log ica l  

chaLlenges of man's foray  i n t o  space;  second, through t h e  c r e a t i o n  

of s t r eng thened  programs i n  space - re la ted  graduate  educat ion  and 

resea rch  t o  encourage a s i g n i f i c a n t  i n c r e a s e  i n  t h e  number of 

graduate  s t u d e n t s  i n  t h i s  new f i e l d ;  and t h i r d ,  through t h i s  

inc reased  t r a i n i n g  of q u a l i f i e d  s c i e n t i s t s  and engineers  t o  h e l p  

t h i s  country e x c e l  i n  space e x p l o r a t i o n .  

Space resea rch  i s  of concern t o  almost  every school  and 

department of t h e  I n s t i t u t e  and r e p r e s e n t s  a s i g n i f i c a n t  p o r t i o n  

of sponsored resea rch  i n  our  departmental  and in te rdepar tmenta l  

r e sea rch  l a b o r a t o r i e s .  While each of t h e s e  has i t s  own s p e c i a l  

i n t e r e s t s  and goa l s ,  many e x i s t i n g  a r e a s  of mutual i n t e r e s t  and 

interdependence have a l ready  evolved i n t o  j o i n t  programs of space 

resea rch ,  p a r t i c u l a r l y  i n  t h e  p h y s i c a l  sc iences  and s e v e r a l  

branches of  engineer ing .  On t h e  hor izon  can be seen emerging 

a c l e a r  i n d i c a t i o n  of a s i m i l a r  coopera t ion  between t h e  l i f e  

sc iences  and s e v e r a l  o t h e r  f i e l d s  of engineer ing .  The s o c i a l  

s c i e n c e s ,  whi le  n o t  d i r e c t l y  involved i n  t h e  development of space 

experiments ,  have had a v i t a l  i n t e r e s t  i n  t h e  i n t e r a c t i o n  process  



between t h e  s c i e n t i s t  and t h e  eng inee r ,  i n  t h e  genera l  impact 

of  t h e  new a s s o c i a t i o n s  of sc ience  and engineer ing  on t h e  course 

of space resea rch  and, i n  t u r n ,  i n  t h e  l a t t e r ' s  e f f e c t  on the 

n a t i o n ' s  economy and i t s  i n t e r n a t i o n a l  r e l a t i o n s .  I n  t h e  more 

d i s t a n t  f u t u r e ,  a s  l a r g e  manned s p a c e c r a f t  venture  f a r t h e r  i n t o  

t h e  s o l a r  system and t h e  p l a n e t s  become a c c e s s i b l e  t o  man and 

h i s  works, t h e  r o l e  of t h e  s o c i a l  sc iences  w i l l  undoubtedly become 

a  more c e n t r a l  one. 

Of p a r t i c u l a r  i n t e r e s t  i n  t h e  development of space resea rch  

a t  M . I . T .  has  been t h e  r e a c t i o n  of t h e  t y p i c a l  p h y s i c a l  s c i e n t i s t  

and eng inee r ing  f a c u l t y  member as  each looks upon t h i s  new f i e l d  

of space resea rch .  General ly speaking,  t h e  p h y s i c a l  s c i e n t i s t ,  

b e n t  on t h e  d iscovery  of new p h y s i c a l  parameters o r  phenomena 

concerning t h e  un ive r se ,  would l i k e  t o  look t o  h i s  engineer ing  

f a c u l t y  col league  f o r  a s s i s t a n c e  i n  t h e  s o l v i n g  of very d i f f i c u l t  

eng inee r ing  problems of space payload and sensor  des ign .  While 

t h e  eng inee r ing  f a c u l t y  member may w e l l  be i n t r i g u e d  wi th  t h i s  

p rospec t  and undoubtedly could h e l p ,  he w i l l  do s o  only i f  t h e  

involvement s t i m u l a t e s  h i s  own resea rch  a s  w e l l  a s  h i s  own pro- 

f e s s i o n a l  development. New informat ion  be ing  sought  by such 

i n t e r d i s c i p l i n a r y  e f f o r t s  must have wider  implicat ions-- implica-  

t i o n s  and r e s u l t s  t h a t  can be a p p l i e d  t o  advance t h e  s t a t e  of 

t h e  a r t  i n  t h e  f i e l d  of each of t h e  p r i n c i p a l  c o l l a b o r a t o r s ,  o r  - 
t o  have such impor tant  r a m i f i c a t i o n s  t o  s o c i e t y  as  a  whole s o  

as  t o  t ranscend t h i s  i n d i v i d u a l  need. 



Since A p r i l ,  1963, t h e  Center  has been charged wi th  t h e  

a d m i n i s t r a t i o n  of a  Nat ional  Aeronautics  and Space Adminis t ra t ion  

(NASA) Sus ta in ing  Univers i ty  Grant,  NsG-496. These funds i n  

s i z e a b l e  p ropor t ions  have been devoted t o  t h e  suppor t  of space- 

r e l a t e d  b a s i c  r e sea rch  a t  M . I . T .  i n  t h e  va r ious  p h y s i c a l ,  l i f e  

and s o c i a l  sc iences  and i n  t h e  engineering d i s c i p l i n e s .  With t h e  

genera l  guidance of t h e  f a c u l t y  p o l i c y  and t e c h n i c a l  committees, 

they  have been a l l o c a t e d  f o r  new and deserving resea rch ,  p a r t i c -  

u l a r l y  t h a t  of  young f a c u l t y  members. The a v a i l a b i l i t y  of t h e s e  

funds has been of  tremendous importance t o  t h e  growth and con- 

t i n u i t y  of space resea rch  a t  t h e  I n s t i t u t e .  General funds of 

t h i s  s o r t  a r e  inva luab le  i n  providing i n i t i a l  exp lo ra to ry  suppor t  

f o r  promising new i d e a s .  They provide a  v i t a l  source of  suppor t ,  

p a r t i c u l a r l y  i n  t h e  eng inee r ing  d i s c i p l i n e s ,  f o r  advanced s t a t e -  

o f - t h e - a r t  exp lo ra to ry  s t u d i e s  f o r  which sponsorship  from among 

t h e  e s t a b l i s h e d  resea rch  agencies  i s  very d i f f i c u l t  t o  ob ta in .  

They provide a l s o  a  most impor tant  means f o r  underwri t ing  t h e  

development of mutual i n t e r e s t s  and communication between t h e  

va r ious  d i s c i p l i n a r y  groups having an i n t e r e s t  i n  space resea rch .  

New space resea rch  p r o j e c t s  a t  M . 1  . T . ,  having grown from t h i s  

form of suppor t  and subsequently sponsored by s e p a r a t e  Federa l  

agency program funds,  have i n  a  l a r g e  measure r e t a i n e d  an asso- 

c i a t i o n  wi th  t h e  Center .  The i n d e f i n i t e  con t inua t ion  of t h i s  

type of funding, by which t h e  Cen te r ' s  a d m i n i s t r a t i v e  f a c i l i t i e s  



can be used t o  s u b s t i t u t e  f o r  those  t h a t  would be necessary i n  

t h e  sponsoring agency i t s e l f  t o  suppor t  30 t o  40 i n d i v i d u a l  g r a n t s ,  

would appear  t o  have g r e a t  advantage i n  e f f i c i e n c y  and f l e x i b i l -  

i t y .  

The Growth of S ~ a c e  Research a t  t h e  Center 

The Center  was formally organized i n  A p r i l ,  1963, wi th  t h e  

r e c e i p t  of t h e  f i r s t  i n s t a l l m e n t  of r e sea rch  funding from t h e  

Nat ional  Aeronautics and Space Administrat ion under s u s t a i n i n g  

u n i v e r s i t y  g r a n t  NsG-496. D r .  John V.  Harr ington,  then Head of 

t h e  Radiophysics Divis ion  of t h e  M. I. T. Lincoln Laboratory,  was 

appointed t h e  f i r s t  Di rec to r .  Pol icy  and t e c h n i c a l  advisory 

committees were formed f o r  guidance of t h e  new Center.  Soon 

af terward ,  t h e  I n s t i t u t e  consummated n e g o t i a t i o n s  wi th  t h e  N a -  

t i o n a l  Aeronautics  and Space Administrat ion f o r  a  f a c i l i t i e s  g r a n t ,  

NsG(F)-8, i n  t h e  amount of $3 m i l l i o n  and e n t e r e d  i n t o  a  Memorandum. 

of Understanding concerned wi th  t h e  f u t u r e  use of t h e  Center  f o r  

Space Research b u i l d i n g  and f a c i l i t i e s .  M.I .T .  subsc r ibed  $I 

m i l l i o n  from t h e  Second Century Fund as  p a r t i c i p a t i n g  funds for 

t h e  b u i l d i n g  . 
S i g n i f i c a n t  space resea rch  a c t i v i t i e s  were w e l l  undernay 

a t  M. I . T .  a t  t h e  time of t h e  formation of t h e  Center.  Therefore,  

t h e  s u s t a i n i n g  u n i v e r s i t y  funds were organized and d i s t r i b u t e d  

i n  a  manner designed t o  s t r e n g t h e n  a r e a s  where p r e s e n t  funding 

was i n s u f f i c i e n t  and t o  i n i t i a t e  new programs i n  p e r t i n e n t  d i s -  

c i p l i n e s  having l i t t l e  o r  no s u p p o r t ,  Gradually,  what was eon- 



s i d e r e d  a  balanced program of space resea rch  was evolved. Ear ly  

i n  t h e  program, a  Laboratory f o r  Space Experiments was formed, 

whose func t ion  was t o  conduct eng inee r ing  resea rch  on a  smal l  

s o l a r  probe ( l a t e r  named Sunblazer)  and t o  provide payload engi-  

nee r ing  des ign  suppor t  f o r  s e v e r a l  f a c u l t y - p r i n c i p a l  i n v e s t i g a -  

t o r s  a t  M.I .T.  The growth of t h i s  l a b o r a t o r y  has  been p a r t i c u -  

l a r l y  s i g n i f i c a n t ,  and p r e s e n t  r e sea rch  program funding f o r  i t s  

a c t i v i t i e s  has reached a  l e v e l  of about  $1.6 m i l l i o n  p e r  yea r .  

The l abora to ry  i s  now engaged i n  eng inee r ing  and development of 

a  number of payloads f o r  NASA space programs i n  conjunct ion  wi th  

s e v e r a l  groups a t  t h e  I n s t i t u t e .  

The l a r g e s t  of t h e s e  groups, i n  terms of d i r e c t  space resea rch  

a c t i v i t y  f o r  which t h e  Center  provides  f a c i l i t y ,  a d m i n i s t r a t i v e ,  

and program suppor t ,  i s  t h e  Cosmic Ray Laboratory (formerly p a r t  

of t h e  Laboratory f o r  Nuclear S c i e n c e ) .  This group has a  r a t h e r  

e x t e n s i v e  space resea rch  program underway t h a t  i s  concerned wi th  

i :n te rp lane ta ry  plasma measurements, s t u d i e s  of g a l a c t i c  x-rays 

and s o l a r  phys ics .  The t o t a l  program l e v e l  f o r  t h i s  group i s  

about $850 ,000  p e r  yea r .  The resea rch  i s  d i r e c t e d  by Professors  

Bruno B. Rossi ,  Herber t  S. Bridge,  George W .  C la rk ,  and o t h e r  

f a c u l t y ,  a l l  of t h e  Department of Physics .  P r o j e c t s  c u r r e n t l y  

underway inc lude  payload developments f o r  t h e  NASA OSO-H ( o r b i t -  

i n g  s o l a r  o b s e r v a t o r y ) ,  Anchored IMP ( o r b i t i n g  moon s a t e l l i t e ) ,  

IMP H&J (high o r b i t  e a r t h  s a t e l l i t e s ) ,  x-ray sounding r o c k e t s ,  

Mariner and Pioneer  probes and o t h e r s  i n  t h e  p lanning s t a g e s .  



Other groups housed i n  t h e  Center  b u i l d i n g  and drawing on 

a d m i n i s t r a t i v e  suppor t  by t h e  Center  inc lude  t h e  Experimental 

Astronomy Laboratory, t h e  Man-Vehicle Control  Laboratory, t h ~ e  

Space Propulsion Laboratory, t h e  F l u i d  Dynamics Laboratory and 

elements of t h e  A e r o e l a s t i c s  and S t r u c t u r e s  Research Laboratory,  

a l l  l a b o r a t o r i e s  of t h e  Department of Aeronautics and As t ronau t i c s .  

S i m i l a r l y  accommodated i n  t h e  Center  b u i l d i n g  a r e  elements of 

t h e  E l e c t r o n i c  Systems Laboratory, engaged i n  space e l e c t r o n i c s  

r e sea rch ,  and a N u t r i t i o n  and Food Science group conducting 

resea rch  on n u t r i t i o n a l  problems i n  space feeding.  A smal l  group 

t o  c a r r y  on s o c i a l  sc ience  s t u d i e s  r e l a t e d  t o  t h e  space program 

i s  expected t o  move i n t o  t h e  b u i l d i n g  i n  t h e  f a l l  of 1968. 

The Center a l s o  provides  program funds and a d m i n i s t r a t i v e  

suppor t  f o r  s e v e r a l  f a c u l t y  merrbers of t h e  Department of Physics  

conducting resea rch  i n  t h e  genera l  f i e l d  of a s t rophys ics ,  and 

t o  an Electrohydrodynamics Laboratory group, l o c a t e d  i n  t h e  

Department of E l e c t r i c a l  Engineering, whose work has a p p l i c a t i o n  

t o  space propuls ion .  

The o v e r a l l  sponsored resea rch  budget of t h e  Center f a r  

f i s c a l  1969 i s  p r o j e c t e d  a t  about  $4 t o  $5 m i l l i o n  p e r  y e a r ,  

When f u l l y  occupied, t h e  Center  b u i l d i n g  w i l l  i nc lude  approxi- 

mately t h e  fo l lowing personnel:  Faculty--40, V i s i t i n g  and 

Research Staff--60,  Students--100, and Support Personnel--70, 

f o r  a t o t a l  of approximately 270. Addi t ional  personnel  connected 

wi th  sponsored resea rch  of t h e  Center  a r e  housed elsewhere a t  

t h e  I n s t i t u t e  and number approximately 80 persons.  



The Center  Bui ld inq  

The new b u i l d i n g  provides  approximately 1 0 0 , 0 0 0  g ross  square  

f e e t  of a i r - cond i t ioned  f l o o r  space f o r  t h e  Center  f o r  Space 

Research a c t i v i t i e s .  There a r e  l a b o r a t o r y  a r e a s  f o r  13 s e p a r a t e  

r e sea rch  groups and o f f i c e  spaces f o r  about  200 personnel .  

Included i n  t h e  b u i l d i n g  a r e  four  classrooms, a  space sc ience  

l i b r a r y  and reading room, a  func t ions  and seminar room, and 

a d m i n i s t r a t i v e  and s e r v i c e  suppor t  f a c i l i t i e s  f o r  t h e  Center  

personnel  and program. 

The resea rch  program of t h e  Center  i s  sponsored p r i m a r i l y  

by t h e  Nat ional  Aeronautics  and Space Administrat ion through t h e  

Headquarters Of f i ces  o f :  Space Science and Appl ica t ions ,  Advanced 

Research and Technology, Tracking and Data Acqu i s i t ion ,  and 

Univers i ty  A f f a i r s .  Other program sponsorship comes from t h e  

Goddard Space F l i g h t  Center ,  t h e  Arnes Research Center ,  and t h e  

E l e c t r o n i c s  Research Center .  A modest l e v e l  of r e sea rch  funding 

has come from t h e  Nat ional  Science Foundation, t h e  Atomic Energy 

Commission, and t h e  b a s i c  r e sea rch  o f f i c e s  of t h e  Department of 

Defense . 
While t h e  resea rch  which w i l l  be pursued i n  t h e  new f a c i l -  

i t i e s  has a  genera l  c h a r a c t e r  impl ied  by t h e  i n t e r e s t s  of t h e  

groups p rev ious ly  l i s t e d ,  some s p e c i f i c  t o p i c s  inc lude:  evo lu t ion  

of t h e  un ive r se ,  o r i g i n  of cosmic r a y s ,  s o l a r  phys ics ,  phys ics  

of t h e  i n t e r p l a n e t a r y  medium, t r ansmiss ion  of e l ec t romagne t i c  

s i g n a l s  through a  d i s p e r s i v e  medium, gas dynamics of r a r e f i e d  



atmospheres, gas - so l id  i n t e r f a c e  r e a c t i o n s ,  k i n e t i c  theory  of 

plasmas, propuls ion  by gaseous nuc lea r  rocke t s  and hybr id  rocke t s  

and o t h e r  forms, g r a v i t a t i o n a l  theory ,  v e r i f i c a t i o n  of t h e  

genera l  theory  of r e l a t i v i t y ,  space nav iga t ion ,  advanced t e r -  

r e s t r i a l  sens ing  techniques ,  n u t r i t i o n a l  a spec t s  of manned space 

f l i g h t ,  informat ion  t r a n s f e r  i n  p r e b i o l o g i c a l  environments,  s o c i a l  

a spec t s  of t h e  space program on t h e  government and t h e  n a t i o n a l  

economy and i n t e r n a t i o n a l  r e l a t i o n s ,  man-machine i n t e r a c t i o n s  

and c o n t r o l ,  hyperve loc i ty  impact,  and ae ro the rmoe las t i c  e f f e c t s  

on space f l i g h t  s t r u c t u r e s  . 
The resea rch  program of t h e  Center r e p r e s e n t s  a  s u b s t a n t i a l  

f r a c t i o n  of t h e  t o t a l  space resea rch  a c t i v i t y  of t h e  I n s t i t u t e  

b u t  by no means a l l  of it. Space resea rch  i s  such a  broad f i e l d ,  

drawing on s o  many s e p a r a t e  d i s c i p l i n e s ,  t h a t  it would be v i r t u -  

a l l y  impossible and probably n o t  d e s i r a b l e ,  p a r t i c u l a r l y  a t  a 

u n i v e r s i t y ,  t o  g a t h e r  these  e f f o r t s  i n t o  a  s i n g l e  a d m i n i s t r a t i v e  

o r  s p a c i a l  e n t i t y .  Attempts a t  such r i g i d  o rgan iza t ion  of 

r e sea rch  i n e v i t a b l y  c o n f l i c t  wi th  t h e  t r a d i t i o n a l  freedom 

accorded t h e  academic r e s e a r c h e r  and t h e  i n t e r e s t  and responsi -  

b i l i t y  of t h e  departments themselves f o r  t h e i r  f a c u l t i e s s  

r e sea rch .  The necessary compromise has been t o  a t t empt  t o  g a t h e r  

i n s t e a d  resea rch  groups of a t  l e a s t  c r i t i c a l  s i z e  from p e r t i n e n t  

d i s c i p l i n e s  s o  t h a t  t h e  d e s i r e d  i n t e r a c t i o n  can proceed on a 

r e p r e s e n t a t i v e  b a s i s ,  t h e  l i n e s  of communication between the 



l a r g e r  segments a r e  e s t a b l i s h e d ,  and t h e  resea rch  a c t i v i t y  of 

each group i n  t h e  Center  i s  of a t  l e a s t  a  s i g n i f i c a n t  s i z e  and 

of promising p r o d u c t i v i t y .  

F i n a l l y , m n ' s  venture  i n t o  space i s  only a  s h o r t  decade 

o l d ,  The broad-scale impact of space e x p l o r a t i o n  on t h e  n a t i o n ' s  

econorny, growth, and i n t e r n a t i o n a l  r e l a t i o n s  on t h e  one hand and 

t h e  c o n t r i b u t i n g  f u r t h e r  involvement of academic i n s t i t u t i o n s  

such a s  M. I .T .  on t h e  o t h e r ,  has  y e t  r e a l l y  t o  be measured. A s  

t h e  space program evolves t o  t h e  p o i n t  a t  which t h e  technology 

it develops and t h e  s c i e n t i f i c  f a c t s  it unfolds l e a d  t o  t h e  bene- 

f i t s  which h i s t o r y  sugges t s  must fo l low,  and which a r e  a l ready 

becoming v i s i b l e  i n  t h e  form of  improved t e r r e s t r i a l  communica- 

t i o n ,  nav iga t ion  and weather  p r e d i c t i o n ,  then we t r u s t  t h a t  t h i s  

Center  f o r  Space Research which w e  d e d i c a t e  today w i l l  permi t  

M . I . T e l s  f a c u l t y ,  s t a f f  and s t u d e n t s  t o  c o n t r i b u t e  s i g n i f i c a n t l y  

t o  t h e  f u r t h e r  e x p l o r a t i o n  of space and u l t i m a t e l y  t o  t h e  b e n e f i t  

of a l l  mankind. 
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APPENDIX 

The fol lowing t a l k s  and addresses  were given a t  t h e  

ded ica t ion  ceremonies f o r  t h e  new Center  f o r  Space Research 

b u i l d i n g  a t  t h e  Massachusetts I n s t i t u t e  of Technology, 

Cambridge, Massachuset ts ,  on A p r i l  2 5 ,  1968. 

Tape t r a n s c r i p t i o n s  were made a t  t h e  time given and 

thus  much of t h e  o r i g i n a l  m a t e r i a l  r ep resen ted  unprepared 

t e x t .  E d i t i n g  of these  taped m a t e r i a l s  was accomplished 

l a t e r  by t h e  au thor  of t h i s  r e p o r t ,  wi th  review and f u r t h e r  

e d i t i n g  by t h e  r e s p e c t i v e  speakers .  



Opening Remarks: DR. JEROME B.  WIESNER 

The new Center  f o r  Space Research a t  M.I.T.  i s  a  f o c a l  

p o i n t  f o r  t h e  types  of  r e sea rch  a c t i v i t i e s  i n  engineer ing ,  

biology and t h e  p h y s i c a l  and s o c i a l  sc iences  which w i l l  h e l p  

us o b t a i n  a  b e t t e r  understanding of t h e  un ive r se ,  us ing  t h e  

va r ious  appurtenances of modern space technology such a s  space 

v e h i c l e s  and space p la t forms.  

I t  i s  ha rd  f o r  us t o  r e a l i z e  t h a t  t h i s  g r e a t  and burgeoning 

f i e l d  of a c t i v i t y  has  been a c c e s s i b l e  t o  us only w i t h i n  t h e  l a s t  

decade, d a t i n g  from t h e  f i r s t  Sputnik f l i g h t  i n  1957. From t h e  

s t a r t  t h e r e  was t h e  p o s s i b i l i t y  t h a t  t h e  space program would 

be pressed  singlemindedly i n  a  d i r e c t i o n  of quick and glamorous 

achievements t o  t h e  n e g l e c t  of cont inuing a t t e n t i o n  t o  t h e  

under ly ing b a s i c  s c i e n t i f i c  and eng inee r ing  d i s c i p l i n e s  e s s e n t i a l  

t o  long range success .  Through t h e  v i s i o n  and t e n a c i t y  of NASA 

l e a d e r s ,  and i n  p a r t i c u l a r  of James Webb, t h e  b a t t l e s  were fought  

and won i n  government c i r c l e s  t o  mainta in  a  balanced program 

with a soundly based approach, an approach which NASA has 

f u r t h e r e d  through t h e  c r e a t i o n  of a  u n i v e r s i t y  program which 

has provided s t i m u l a t i o n  and a s s i s t a n c e  t o  space resea rch  a c t i v -  

i t i e s  on many American campuses. 

The p a r t n e r s h i p  between M. I .T .  and NASA which i s  be ing  

c e l e b r a t e d  today wi th  t h e  d e d i c a t i o n  of t h i s  Center  r e f l e c t s  

a  genuine consonance of goals - - tha t  space resea rch  should be 



c a r r i e d  o u t  i n  such a  way a s  n o t  on ly  t o  m e e t  immediate ob jec-  

t i v e s  w i t h i n  t h e  space  program, b u t  i n  such a  way t h a t  t h e  

b e n e f i t s  of t h i s  r e s e a r c h  can a l s o  be  a p p l i e d  t o  t h e  s o c i a l ,  

b u s i n e s s  and economic s t r u c t u r e  of  t h e  n a t i o n .  This  t hough t  

appea r s  e x p l i c i t l y  i n  t h e  memorandum of  unders tanding*  between 

NASA and M.I.T., and I can t h i n k  of  no b e t t e r  way o f  c h a r a c t e r -  

i z i n g  o u r  j o i n t  e f f o r t  t han  t o  quo te  o r  pa raphrase  o t h e r  p o r t i o n s  

o f  t h i s  memorandum: I t  i s  t h e  p o l i c y  of  NASA t o  s u p p o r t  o r  

c r e a t e  r e s e a r c h  environments  " c h a r a c t e r i z e d  by a  m u l t i d i s c i p l i n a r y  

e f f o r t  which draws upon c r e a t i v e  minds from v a r i o u s  branches  

o f  t h e  s c i e n c e s ,  t echnology ,  commerce, and t h e  a r t s . "  Such 

m u l t i d i s c i p l i n a r y  e f f o r t s  a r e  c h a r a c t e r i s t i c  o f  t h e  modern 

u n i v e r s i t y  and of  M . I . T .  i n  p a r t i c u l a r .  "The s u c c e s s e s  which 

American space  s c i e n t i s t s  and e n g i n e e r s  have ach ieved  w i l l ,  i n  

t h e  long  run ,  be  r ega rded  a s  on ly  t h e  p i o n e e r  e f f o r t s  o f  an eve r -  

expanding space  age.  B e l i e v i n g  t h a t  t h e  u n i v e r s i t i e s  must bo th  

r e f l e c t  and l e a d  t h e  i n t e l l e c t u a l  and c u l t u r a l  l i f e  of  a  s o c i e t y ,  

M . I . T .  i s  de te rmined  t h a t  i t s  p a r t i c i p a t i o n  i n  t h e  i n t e l l e c t u a l  

adven tu re s  o f f e r e d  by t h e  space  program s h a l l  be  an a c t i v e  and 

growing one and s h a l l  c o n s t i t u t e  a  v i t a l  p a r t  of  t h e  wel l - rounded 

o p p o r t u n i t i e s  f o r  i n t e l l e c t u a l  achievement and t e c h n i c a l  t r a i n i n g  

t h a t  t h e  I n s t i t u t e  o f f e r s .  " 

* Memorandum of  Understanding Be tween NASA and M. I .  T . Concern- 
i n g  Research F a c i l i t i e s  Gran t  NsG(F)-8) .  Undated. Signed i n  
May, 1963 by J u l i u s  A.  S t r a t t o n  and James E .  Webb. 

J. B. Wiesner 
A p r i l  2 5 ,  1 9 6 8  



I[ntroduction: PROFESSOR J O H N  V. HARRINGTON 

Thank you, D r .  Wiesner. 

I th ink  it would be i n  o r d e r  f o r  me t o  provide j u s t  a  l i t t l e  

background on t h e  genes i s  of t h e  resea rch  program of  t h e  Center 

f o r  Space Research, e x c e r p t s  from which w i l l  be p resen ted  by t h e  

speakers  who fol low. The resea rch  a c t i v i t i e s  of t h e  Center ,  under 

t h e  terms of i t s  c h a r t e r ,  can range over  t o p i c s  and d i s c i p l i n e s  

which a r e  q u i t e  broad and indeed c o n s i s t e n t  wi th  t h e  breadth  of 

t h e  n a t i o n a l  space program i t s e l f .  The program of t h e  Center  by 

no means inc ludes  a l l  of t h e  space resea rch  done a t  t h e  I n s t i t u t e .  

I t  does inc lude  a l a r g e  f r a c t i o n  of t h a t  n o t  i n  t h e  l a r g e  I n s t i t u t e  

l a b o r a t o r i e s  which i s  d i r e c t e d  toward t h e  educat ion  of graduate  

s t u d e n t s .  Those of you who have had an oppor tuni ty  t o  read  t h e  

program brochure*wil l  f i n d  l i s t e d  t h e  members of t h e  Cen te rB  s 

Technical  and Pol icy  Advisory Committees, and you w i l l  no te  t h a t  

they r e p r e s e n t  almost every schoo l  o r  department a t  t h e  I n s t i t u t e .  

Also i n  t h e  brochure you w i l l  no te  t h e  l a r g e  number of  r e s e a r c h e r s  

a l ready housed w i t h i n  t h e  new b u i l d i n g  which we d e d i c a t e  today,  

The l a r g e  number of t o p i c s  and t h e  spectrum they cover  c l e a r l y  

malde it impossible t o  do j u s t i c e  t o  a l l  of t h e  resea rch ,  of which 

we a r e  s o  j u s t l y  proud, t h a t  i s  proper ly  inc luded w i t h i n  t h e  

Center" program. However, we have made some s e l e c t i o n s  which 

we th ink  a r e  r e p r e s e n t a t i v e  and t imely  f o r  p r e s e n t a t i o n  t o  you 

t h i s  morning, 
- 

* Reprinted on pages 27-37  of t h i s  r e p o r t .  



You w i l l  h e a r  i n  t h e  f i r s t  two t a l k s  t h i s  morning of some 

fundamental work done i n  o r b i t a l  mechanics as  app l i ed  t o  t h e  

c o n t r o l  and guidance of space v e h i c l e s ,  and a  survey of t h e  work 

i n  a s t rophys ics  i n  which Center r e sea rchers  a r e  involved.  

Following a  c o f f e e  break and a  few words of g r e e t i n g  from t h e  

Governor, two a d d i t i o n a l  t a l k s  dea l ing  wi th  some e x c i t i n g  new 

r e s u l t s  i n  t h e  s c i e n t i f i c  e x p l o r a t i o n  of space f o r  which 

resea rchers  i n  t h e  Center  a r e  r e spons ib le  w i l l  be given.  The 

homing's p r e s e n t a t i o n s  w i l l  cont inue wi th  a  d i scuss ion  of t h e  

r o l e  t h a t  t h e  s o c i a l  sc iences  and management a r e  p laying i n  our  

program, and conclude wi th  a  d e s c r i p t i o n  of some very fundamental 

and promising resea rch  on t h e  n u t r i t i o n a l  requirements f o r  manned 

space  f l i g h t .  

There i s  much, however, which t h e  b r e v i t y  of t h i s  morningrs  

proceedings r e q u i r e s  us t o  omit. There i s  a  s i g n i f i c a n t  e f f o r t  

i n  space propuls ion  and power, impor tant  work i n  gas dynamics and 

plasmas fundamental t o  t h e  broad i n t e r e s t s  of t h e  n a t i o n a l  space 

program, There i s  some e x c i t i n g  research  on man-vehicle i n t e r a c t i o n s  

and a  h o s t  of a c t i v i t i e s  inc luded i n  t h e  C e n t e r ' s  Laboratory f o r  

Space Experiments. This l a t t e r  l abora to ry  r e p r e s e n t s  an impor tant  

new f a c i l i t y  i n  t h e  Center  and i s  designed t o  make it  p o s s i b l e  

f o r  f a c u l t y  and graduate  s t u d e n t  r e sea rchers  t o  p lay  a  g r e a t e r  

r o l e  i n  making measurements i n  space and making t h e i r  work more 

r e a l i s t i c  and, w e  hope, more s t i m u l a t i n g .  This l abora to ry  has 

cons t ruc ted  x-ray t e l e scopes ,  gamma-ray t e l e s c o p e s ,  and plasma 
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probes which have flown s u c c e s s f u l l y  on many NASA s c i e n t i f i c  

s a t e l l i t e s ,  and sounding rocke t s .  It i s  w e l l  on t h e  way t o  

b u i l d i n g  i t s  own s a t e l l i t e  c a l l e d  Sunblazer ,  designed t o  probe 

t h e  extended s o l a r  corona. So, whi le  t h e r e  i s  much you w i l l  

l e a r n  about  o u r  r e sea rch  program t h i s  morning, t h e r e  is  much 

you w i l l  n o t  h e a r  about.  W e  hope t h a t  many of  you w i l l  come 

again and perhaps have a l a t e r  oppor tun i ty  t o  l e a r n  more of 

these p r o j e c t s  which w e  must omit t h i s  morning. 

F i n a l l y ,  l e t  m e  again remind you t h a t  t h e  r o o t s  of space 

resea rch  a t  t h e  I n s t i t u t e  run deep and stem from t h e  l a r g e r  

l a b o r a t o r i e s  such as  t h e  Lincoln Laboratory and t h e  Ins t rumenta t ion  

Laboratory o f f  t h e  campus, and such i n t e r d i s c i p l i n a r y  l a b o r a t o r i e s  

a s  t h e  Laboratory f o r  Nuclear Science and t h e  Research Laboratory 

f o r  E l e c t r o n i c s ,  and t h e  va r ious  departmental  l a b o r a t o r i e s  on t h e  

campus. The work about  which you w i l l  h e a r  owes something i n  

some way t o  each of t h e s e  and t h i s  we a l l  a r e  p leased  t o  acknowledge, 

J. V. Harr ington 
A p r i l  25 ,  1968 



PROFESSOR HERBERT S . BRIDGE 

One of t h e  most a c t i v e  programs i n  space  r e s e a r c h  h e r e  a t  

M.I.T. has  been a  con t inu ing  s e r i e s  of experiments  des igned t o  

measure d i r e c t l y  t h e  p r o p e r t i e s  of  t h e  s o l a r  corona a t  l a r g e  

d i s t a n c e s  from t h e  sun.  Today we know a  g r e a t  d e a l  about  t h e  

p r o p e r t i e s  of t h i s  extended corona o r ,  a s  it i s  more popu la r ly  

known, t h e  s o l a r  wind, and p r a c t i c a l l y  a l l  o f  t h i s  knowledge 

has  been ob ta ined  dur ing  t h e  p a s t  e i g h t  o r  t e n  yea r s  by means 

of d i r e c t  measurements i n  space  c a r r i e d  o u t  by s a t e l l i t e - b o r n e  

experiments .  

I n  p r e p a r i n g  t h i s  t a l k  I looked a t  a  r e c e n t  review a r t i c l e  

on t h e  p r o p e r t i e s  of  t h e  s o l a r  wind. I n  t h i s  review i s  an 

opening s t a t emen t  which I w i l l  quo te .  I t  says :  "The s t a t u s  

of  ou r  knowledge of  t h e  i n t e r p l a n e t a r y  plasma ( t h e  s o l a r  wind) 

can be regarded  a s  be ing  h i g h l y  s a t i s f a c t o r y  from both  t h e  

t h e o r e t i c a l  and o b s e r v a t i o n a l  p o i n t s  of view. That  i s ,  d e s p i t e  

t h e  r a p i d  improvement of o b s e r v a t i o n a l  techniques  and t h e  l a r g e  

amount of d a t a  which has  been accumulated, no th ing  has  been 

found which i s  e s p e c i a l l y  s u r p r i s i n g  o r  c o n t r a d i c t o r y  t o  theo- 

r e t i c a l  p r e d i c t i o n s  i n  any s e r i o u s  way." Now looking  back some 

t e n  y e a r s  I t h i n k  t h a t  s t a t e m e n t  i s  a  measure of  how b l a s 6  w e  

have become i n  a c c e p t i n g  t h e  s c i e n t i f i c  r e s u l t s  of  t h e  space  

program; we a l l  o f  us tend  t o  f o r g e t  t h e  enormous changes i n  

ou r  i d e a s  and s c i e n t i f i c  knowledge which have r e s u l t e d  from 

s a t e l l i t e  experiments  c a r r i e d  o u t  d u r i n g  t h e  l a s t  decade. 



I th ink  t h a t  today, when we a r e  d i s c u s s i n g  some of t h e  

s c i e n t i f i c  advances which have r e s u l t e d  from t h e  space program, 

i t  i s  p a r t i c u l a r l y  a p p r o p r i a t e  t o  r e c a l l  what people thought  

about t h e  extended s o l a r  corona j u s t  t e n  yea r s  ago be fo re  d i r e c t  

observat ions  and measurements were p o s s i b l e ,  and then t o  summarize 

our  c u r r e n t  i d e a s  on t h e  s u b j e c t .  About t e n  yea r s  ago it was 

genera l ly  be l i eved  t h a t  t h e  i n t e r p l a n e t a r y  region between t h e  

sun and t h e  e a r t h  was e s s e n t i a l l y  empty of  m a t e r i a l ,  and it was 

a l s o  genera l ly  thought  t h a t  t h e  sun possessed a  d i p o l e  magnetic 

f i e l d  which occupied t h e  space around it o u t  t o  regions  beyond 

t h e  e a r t h .  Now, t h i s  p i c t u r e  i s  somewhat overs impl i f i ed  i n  t h a t  

by 1958 t h e r e  was a  growing body of experimental  and t h e o r e t i c a l  

evidence which c a s t  doubt on t h i s  s imple p i c t u r e .  The exper i -  

mental evidence,  however, was a l l  of an i n d i r e c t  na tu re  and, 

whi le  sugges t ive ,  was f a r  from conclus ive .  A s  a  r e s u l t ,  s e v e r a l  

c o n f l i c t i n g  and c o n t r a d i c t o r y  t h e o r i e s  were advanced t o  account 

f o r  t h e  inconc lus ive  obse rva t ions .  

J u s t  a t  t h i s  t ime d i r e c t  measurements by means of s a t e l l i t e -  

borne experiments became p o s s i b l e ,  and t h i s  oppor tuni ty  was 

e x p l o i t e d  qu ick ly  by s e v e r a l  groups of exper imenters .  A s  a  

r e s u l t  of f o u r  e a r l y  s a t e l l i t e  measurements c a r r i e d  o u t  between 

1959 and 1963, t h e  e x i s t e n c e  of what we now c a l l  t h e  s o l a r  wind, 

o r  t h e  i n t e r p l a n e t a r y  plasma, became f i rmly  e s t a b l i s h e d  and i t s  

major p r o p e r t i e s  were measured i n  a  q u a n t i t a t i v e  way. 
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I n  every r e s p e c t  t h e s e  measured p r o p e r t i e s  correspond t o  

a  t h e o r e t i c a l  model proposed by Eugene Parker  i n  1958 .  I n  t h i s  

model Parker  assumed t h a t  t h e  corona of t h e  sun could be t r e a t e d  

a s  an i d e a l  gas and, t o  i n v e s t i g a t e  t h e  expansion of  t h e  gas,  

he app l i ed  t h e  usua l  hydrodynamic equat ions  of motion. T h e  

s o l u t i o n s  he obta ined were i d e n t i c a l  i n  form t o  t h e  equat ions  

which desc r ibe  t h e  flow of gas through t h e  nozzle of a  r o c k e t ,  

and they p r e d i c t e d  t h a t  t h e  corona of t h e  sun should expand 

r a d i a l l y  outward from t h e  sun a t  a  superson ic  v e l o c i t y .  More 

p r e c i s e l y ,  Parker  was a b l e  t o  c a l c u l a t e  t h e  expansion v e l o c i t y  

of t h e  corona as  a  func t ion  of r a d i a l  d i s t a n c e  from t h e  sun,  

and he p r e d i c t e d  t h a t  i n  t h e  v i c i n i t y  of t h e  e a r t h  t h e  plasma 

flow would be d i r e c t l y  away from t h e  sun with a  v e l o c i t y  of 

s e v e r a l  hundred k i lomete r s  p e r  second. H e  a l s o  p r e d i c t e d  one 

o t h e r  very impor tant  r e s u l t  which I s h a l l  t r y  t o  exp la in  wi th  

t h e  a i d  of  t h e  drawing i n  Figure  1. A t  t h e  t o p  of t h e  f i g u r e  

we s e e  a  view i n  t h e  e q u a t o r i a l  p lane  of t h e  sun looking down 

on t h e  nor th  pole .  I n  t h i s  view, t h e  sun r o t a t e s  i n  a  counter-  

clockwise sense .  Imagine t h a t  t h e  sun emi ts  p a r t i c l e s  continu-  

ous ly  from a  smal l  region on t h e  s u r f a c e  and t h a t  these  p a r t i c l e s  

move r a d i a l l y  outward a s  shown by t h e  arrows. Then t h e  p o s i t i o n  

of t h e  p a r t i c l e  s t ream a t  a  given i n s t a n t  of t ime i s  shown by 

t h e  heavy s o l i d  curve. For t h e  case  i n  which t h e  speed of t he  

p a r t i c l e s  i s  cons tan t ,  t h e  locus  of t h e  p a r t i c l e  s t ream forms 
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an Archimedes s p i r a l .  Note p a r t i c u l a r l y  t h a t  t h e  p a r t i c l e s  do 

n o t  move along t h e  heavy curve;  they move d i r e c t l y  outward from 

t h e  sun and t h e  curve merely d e f i n e s  t h e  l o c a t i o n  i n  space of 

p a r t i c l e s  which have come from a given p o i n t  on t h e  sun. 

Now I have t o  d i g r e s s  a moment t o  mention something which 

i s  f a m i l i a r  t o  plasma p h y s i c i s t s  b u t  i s  perhaps n o t  g e n e r a l l y  

s o  w e l l  known. I n  a h igh ly  conducting plasma, a magnetic f i e l d  

behaves a s  i f  it were f rozen i n t o  t h e  m a t e r i a l .  Put  i n  another  

way, t h e r e  can be no bulk motion of plasma p a r t i c l e s  perpendicular  

t o  t h e  magnetic l i n e s  of f o r c e .  Thus, i f  we imagine a loop of 

magnetic f i e l d  rooted  i n  t h e  sun on each s i d e  of t h e  e m i t t i n g  

region,  t h e  loop w i l l  be p u l l e d  o u t  by t h e  plasma s t ream s o  t h a t  

t h e  l i n e s  of magnetic f o r c e  co inc ide  wi th  t h e  p o s i t i o n  of t h e  

p a r t i c l e  s tream. Thus t h e  magnetic f i e l d  l i n e s  a r e  curved and - 
correspond t o  t h e  Archimedes s p i r a l  shown i n  t h e  s l i d e .  But, 

of course ,  t h i s  p i c t u r e  f o r  a s i n g l e  emission region holds  

equa l ly  w e l l  f o r  a uniform expansion of t h e  corona i n  which a l l ,  

of t h e  plasma moves r a d i a l l y  outward wi th  a c o n s t a n t  v e l o c i t y  

from a l l  p a r t s  of t h e  s u r f a c e .  Thus I n  t h e  e q u a t o r i a l  p lane  of 

t h e  sun,  P a r k e r ' s  model p r e d i c t s  t h e  s i t u a t i o n  shown a t  t h e  

bottom of Figure  1 where t h e  p a r t i c l e  motion i s  shown by t h e  

arrows and t h e  s p i r a l s  i n d i c a t e  t h e  s t r u c t u r e  of t h e  magnetic 

f i e l d  of t h e  sun.  

En summary, then ,  according t o  P a r k e r ' s  model, a s a t e l l i t e -  

borne experiment nea r  t h e  e a r t h  should observe a plasma wind 
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coming from t h e  sun  i n d i c a t e d  by t h e  arrows.  This  s o l a r  plasma 

i s  composed mos t ly  o f  p r o t o n s  and e l e c t r o n s  w i t h  speeds  between 

200 and 1000 km/sec depending on t h e  t empera tu re  of  t h e  corona.  

(The co r r e spond ing  p ro ton  e n e r g i e s  which one would measure i n  an 

exper iment  l i e  between 200 and 5000 e V . )  I n  a d d i t i o n ,  Parlcer 

p r e d i c t e d  t h a t  t h e  emis s ion  of  plasma would be  a  cont inuous  o r  

n e a r l y  cont inuous  phenomenon and t h a t  t h e  plasma would c o n t a i n  

an embedded s p i r a l  magnet ic  f i e l d .  I t  i s  d i f f i c u l t  a t  t h i s  

t i m e  t o  r e c a l l  t h e  s k e p t i c i s m  w i t h  which t h i s  t h e o r y  was g r e e t e d  

by most o f  t h e  s c i e n t i f i c  community; however, it h a s  been con- 

f i rmed i n  eve ry  d e t a i l .  L e t  me r e c a l l  i n  t e r m s  of  t h e  e x p e r i -  

ments how t h e  t h e o r e t i c a l  p r e d i c t i o n s  were v e r i f i e d .  

I n  1959 Gringauz and h i s  co-workers made t h e  f i r s t  d i r e c t  

o b s e r v a t i o n s  of  t h e  i n t e r p l a n e t a r y  plasma u s i n g  t h e  S o v i e t  space-  

c r a f t  Lunik 2 and Lunik 3 .  The expe r imen te r s  r e p o r t e d  t h a t  they  

d e t e c t e d  a  d i r e c t i o n a l  p o s i t i v e  i o n  f l u x  w i t h  i o n  e n e r g i e s  above 

20 e V .  Although t h e s e  exper iments  were c o n s i s t e n t  w i t h  t h e  

t h e o r e t i c a l  p r e d i c t i o n s ,  t hey  w e r e  i n c o n c l u s i v e  f o r  s e v e r a l  

r ea sons .  F i r s t  of  a l l ,  t h e  s p a c e c r a f t  was n o t  s t a b i l i z e d  and 

s o  i t s  o r i e n t a t i o n  was n o t  known. Thus, a l though t h e  i o n  f l u x  

was c e r t a i n l y  d i r e c t i o n a l ,  t h e r e  was no i n f o r m a t i o n  t o  show t h a t  

it came from t h e  sun .  Secondly,  p h o t o e l e c t r i c  e f f e c t s  were known 

t o  b e  l a r g e  f o r  t h e  i n s t r u m e n t  used  and t h u s  t h e  r e s u l t s  were 

open t o  some q u e s t i o n .  T h i r d l y ,  t h e  measurements covered  on ly  

a  s h o r t  p e r i o d  o f  t i m e .  The Russ ian  exper iments  were fo l lowed 
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i n  1 9 6 1  by an experiment by t h e  M . I . T .  group on Explorer  1 0 ,  

and i n  1962 by an experiment on Mariner 2 c a r r i e d  o u t  by Snyder 

and Neugebauer a t  JPL.  The Explorer  1 0  experiment gave t h e  

f i r s t  c l e a r  evidence f o r  a  superson ic  flow of plasma coming 

from t h e  sun,  b u t  t h e  measurements l a s t e d  only about  20 hours 

and thus  were n o t  completely conclus ive .  The Mariner 2 exper- 

iments provided n e a r l y  continuous measurements of s o l a r  wind 

parameters  over  a  pe r iod  of  n e a r l y  f i v e  months and showed t h a t  

t h e  s o l a r  wind was a  permanent f e a t u r e  of i n t e r p l a n e t a r y  space.  

The f i n a l  p iece  of evidence was provided by d e f i n i t i v e  measure- 

ments of t h e  i n t e r p l a n e t a r y  magnetic f i e l d  c a r r i e d  o u t  by Ness 

a t  t h e  Goddard Space F l i g h t  Center on t h e  IMP-1 s a t e l l i t e  i n  

1963. I n  a  c l a s s i c  s e r i e s  of measurements Ness showed t h a t  t h e  

magnetic f i e l d  c a r r i e d  by t h e  s o l a r  wind had t h e  genera l  s p i r a l  

c h a r a c t e r  p r e d i c t e d  by Parker .  So, only a s  r e c e n t l y  a s  1963 

has t h e  s o l a r  wind been an e s t a b l i s h e d  f e a t u r e  of t h e  s o l a r  

system. 

Since t h e s e  exp lo ra to ry  measurements were made, a  g r e a t  

d e a l  of a d d i t i o n a l  work has been c a r r i e d  o u t  by a l a r g e  number 

of experimenters .  I t  i s  impossible even t o  summarize t h e  r e s u l t s  

i n  t h e  time a v a i l a b l e  t h i s  morning. I n s t e a d  I want t o  d i s c u s s  

b r i e f l y  some of t h e  problems which a r e  be ing s t u d i e d  h e r e  a t  

M. I .T .  and g ive  some s e l e c t e d  experimental  r e s u l t s .  Perhaps 

t h e  most obvious problem i s  what a r e  t h e  average p r o p e r t i e s  of 

t h e  s o l a r  wind and how do t h e s e  p r o p e r t i e s  change i n  response 
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t o  s h o r t  term and long term s o l a r  a c t i v i t y .  Figure 2 shows a 

commonly used index of s o l a r  a c t i v i t y ,  t h e  sun s p o t  number, 

p l o t t e d  a s  a  func t ion  of t ime. Also shown i n  Figure 2 a r e  t h e  

t i m e s  du r ing  which t h e  va r ious  s a t e l l i t e  experiments were c a r r i e d  

o u t .  Note t h a t  t h e  measurements on IMP-1 (Explorer  18) were 

taken c l o s e  t o  t h e  time of minimum s o l a r  a c t i v i t y ;  t h e  Mariner 2 

experiment was made a t  a  t ime when t h e  sun was somewhat more 

a c t i v e  and t h e  Mariner 5 experiment was c a r r i e d  o u t  near  t h e  

time of  maximum s o l a r  a c t i v i t y .  

Figure 3 shows histograms of t h e  plasma v e l o c i t i e s  and 

d e n s i t i e s  measured i n  t h e  IMP-1 and i n  t h e  Mariner 5 experiments .  

On IMP-1 t h e  average v e l o c i t y  was 360  km/sec and t h e  average 

p o s i t i v e  i o n  d e n s i t y  was 1 0  p a r t i c l e s  cm3. For Mariner 5 t h e  

corresponding values  were a  v e l o c i t y  of  400  km/sec and a dens i ty  

of  7 pa r t i c l e s / cm< Thus t h e  average p r o p e r t i e s  of  t h e  s o l a r  

plasma do n o t  change markedly dur ing  t h e  s o l a r  c y c l e .  

Another a spec t  of t h e  s o l a r  wind which I should l i k e  t o  

mention i s  i t s  i n t e r a c t i o n  wi th  t h e  e a r t h .  A s  I s a i d  p rev ious ly ,  

t h e  s o l a r  plasma i s  an e x c e l l e n t  e l e c t r i c a l  conductor.  For t h i s  

reason t h e  s o l a r  wind cannot p e n e t r a t e  d i r e c t l y  i n t o  t h e  magnetic 

f i e l d  of t h e  e a r t h  and i s  forced t o  flow around it. On t h e  

sunward s i d e  t h e  s o l a r  plasma compresses t h e  geomagnetic f i e l d  

u n t i l  t h e  dynamic p ressure  of t h e  plasma i s  balanced by t h e  

p ressure  of t h e  compressed geomagnetic f i e l d .  This  occurs  a t  

about  1 0  e a r t h  r a d i i ,  and f o r  t h i s  reason it was expected t h a t  
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a c a v i t y  i n  t h e  s o l a r  wind of about  20 e a r t h  r a d i i  i n  diameter  

would be produced. However, t h e  v e l o c i t y  of t h e  wind i s  about  

400  krn/sec whereas t h e  speed wi th  which a s i g n a l  can propagate 

i n  t h e  plasma i s  only about 50 km/sec. For t h i s  reason,  t h e  

oncoming plasma cannot "know" t h a t  t h e  e a r t h  i s  t h e r e  and, on 

genera l  grounds, one would expect  t h a t  a bow shock wave would 

form ahead of t h e  e a r t h .  D e f i n i t i v e  proof t h a t  t h e s e  ideas  were 

c o r r e c t  was obta ined i n  1963 from plasma and magnetic f i e l d  

observat ions  c a r r i e d  o u t  on IMP-1 by M.I .T .  and by t h e  Goddard 

Space F l i g h t  Center.  

Since t h a t  t ime t h e r e  has been a g r e a t  d e a l  of  experimental  

and t h e o r e t i c a l  work on t h e  i n t e r a c t i o n  of t h e  s o l a r  wind wi th  

t h e  geomagnetic f i e l d ,  and Figure  4 shows a schematic  summary 

of t h e s e  r e s u l t s  which was r e c e n t l y  given by Ness. Close t o  

t h e  e a r t h  i s  a r eg ion  c a l l e d  t h e  magnetosphere which con ta ins  

t h e  geomagnetic f i e l d  and i n t o  which t h e  s o l a r  wind cannot 

p e n e t r a t e .  Beyond t h e  magnetosphere i s  a so -ca l l ed  t r a n s i t i o n  

region (magnetosheath) which s e p a r a t e s  t h e  geomagnetic c a v i t y  

from t h e  undis turbed wind; f u r t h e r  up s t ream i s  a shock wave 

which s e p a r a t e s  t h e  undis turbed wind from t h e  h o t  plasma i n  t h e  

t . r a n s i t i o n  region.  Now i f  we fol low t h e  plasma flow along a 

s t r e a m l i n e  which passes  nea r  t h e  s u b s o l a r  p o i n t ,  t h a t  i s  a long 

t h e  ear th-sun l i n e ,  we f i n d  t h a t  t h e  plasma slows down a s  it 

passes  through t h e  shock and becomes very h o t  a s  t h e  k i n e t i c  

energy of t h e  ordered  superson ic  flow i s  converted t o  random 
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motion. Behind t h e  shock t h e  h o t  plasma expands and i s  d e f l e c t e d  

t o  flow around t h e  magnetosphere. A s  it does s o ,  t h e  gas expands, 

t h e  v e l o c i t y  i n c r e a s e s ,  and a t  some p o i n t  downstream t h e  flow 

again  becomes supersonic .  A t  t h e  magnetopause t h e r e  i s  some 

s o r t  of i n t e r a c t i o n  between t h e  plasma f lowing i n  t h e  magneto- 

shea th  and t h e  magnetic f i e l d  of t h e  magnetosphere. A s  a  con- 

sequence of t h i s  v iscous  f o r c e ,  t h e  magnetic f i e l d  of the  e a r t h  

i s  p u l l e d  o u t  i n t o  a  long t a i l  which extends a t  l e a s t  s e v e r a l  

hundred e a r t h  r a d i i  i n  t h e  downstream d i r e c t i o n .  

I should p o i n t  o u t  t h a t  t h e  p r o p e r t i e s  of  t h e  s o l a r  wind 

i t s e l f  a r e  b e t t e r  understood a t  t h i s  time than many of t h e  geo- 

p h y s i c a l  e f f e c t s  which t h e  wind produces. For example, alth.ough 

cons ide rab le  progress  has been made, no s a t i s f a c t o r y  theory  

which desc r ibes  t h e  formation of t h e  bow shock has been developed; 

a l s o  whi le  many o t h e r  geophysical  phenomena, f o r  example t h e  

aurora  and t h e  r a d i a t i o n  b e l t s ,  a r e  most c e r t a i n l y  c l o s e l y  

r e l a t e d  t o  t h e  i n t e r a c t i o n  of  t h e  wind and t h e  e a r t h "  f i e l d ,  

a  d e t a i l e d  exp lana t ion  i s  lacking.  To a  l a r g e  e x t e n t  t h i s  lack  

of understanding r e f l e c t s  our  l ack  of t h e o r e t i c a l  knowledge 

concerning completely i o n i z e d  c o l l i s i o n l e s s  plasma. 

A s  a f i n a l  example of r e sea rch  on t h e  i n t e r p l a n e t a r y  plasma, 

I should l i k e  t o  mention some of t h e  r e s u l t s  obta ined from 

Explorer  35. Explorer  35 was launched l a s t  J u l y  and was success-  

f u l l y  i n j e c t e d  i n t o  o r b i t  around t h e  moon. I t  r e p r e s e n t s  t h e  

f i r s t  a t tempt  t o  s tudy and monitor t h e  p a r t i c l e s  and f i e l d s  
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environment of  t h e  moon us ing  a long- l ived,  c l o s e l y  coordinated  

s e t  of  experiments.  One of t h e  main o b j e c t i v e s  was t o  s tudy 

t h e  behavior  of t h e  s o l a r  wind nea r  t h e  moon, n o t  only t o  s tudy 

t h e  i n t e r a c t i o n  i t s e l f  b u t  a l s o  t o  t r y  t o  f i n d  o u t  something 

about t h e  moon. Now i f  t h e  moon had an i n t r i n s i c  magnetic f i e l d  

comparable t o  t h a t  of t h e  e a r t h ,  t h e  behavior  of t h e  plasma 

could be  p r e d i c t e d  by a p p r o p r i a t e l y  s c a l i n g  t h e  e f f e c t s  found 

a t  t h e  e a r t h  ( s e e  Figure 4 ) .  I n  g e n e r a l ,  t h e  presence of such 

an i n t r i n s i c  f i e l d  w i l l  l e a d  t o  t h e  formation of a l u n a r  magneto- 

sphere  and t o  a bow shock upstream from t h e  moon. When these  

experiments f o r  Explorer  35 were be ing designed,  i t  was a l ready  

known t h a t  t h e  l u n a r  magnetic f i e l d  was weak compared t o  t h e  

f i e l d  of t h e  e a r t h .  Nevertheless  it seemed probable t h a t  charac- 

t e r i s t i c  e f f e c t s  caused by a weak l u n a r  f i e l d  might s t i l l  be 

d e t e c t a b l e  i n  t h e  plasma flow c l o s e  t o  t h e  moon. Even i f  t h e  

moon had no magnetic f i e l d  of  i t s  own, it could,  under reason- 

a b l e  assumptions, behave a s  though it d id .  This comes about  

i n  t h e  fo l lowing way. I f  t h e  moon i s  a good conductor ,  t h e  

magnetic f i e l d  c a r r i e d  i n  by t h e  s o l a r  plasma cannot  d i f f u s e  

through t h e  moon as  r a p i d l y  a s  it i s  convected i n  by t h e  wind, 

and a s  a r e s u l t  t h e  f i e l d  s t r e n g t h  on t h e  windward s i d e  i n c r e a s e s ,  

thereby i n c r e a s i n g  t h e  d i f f u s i o n  r a t e  u n t i l  a s t eady  s t a t e  i s  

achieved. Thus even i f  t h e  i n t r i n s i c  f i e l d  of t h e  moon i s  zero ,  

t h e  moon could conceivably acqu i re  a f i e l d  from t h e  plasma. 
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The experiments c a r r i e d  on Explorer  35 were designed wi th  t h e s e  

p o s s i b i l i t i e s  i n  mind. 

Explorer  35 was i n j e c t e d  i n t o  l u n a r  o r b i t  on J u l y  2 2 ,  1967. 

I t s  c l o s e s t  approach t o  t h e  l u n a r  s u r f a c e  i s  about  0.4 lunar  

r a d i i  and a t  i t s  g r e a t e s t  d i s t a n c e  t h e  s a t e l l i t e  i s  about  4 . 4  

l u n a r  r a d i i  from t h e  l u n a r  s u r f a c e .  The o r b i t a l  pe r iod  i s  j u s t  

under h a l f  a  day. A t  t h e  time Explorer  35 was placed i n  l u n a r  

o r b i t ,  t h e  moon was pass ing  through t h e  geomagnetic t a i l  of t h e  

e a r t h  and, t o  o b t a i n  measurenents i n  t h e  s o l a r  wind, i t  was 

necessary t o  w a i t  f o r  a  l i t t l e  over  a  week u n t i l  J u l y  27th when 

we were c e r t a i n  t h a t  t h e  moon and s a t e l l i t e  were i n  t h e  undis- 

turbed s o l a r  wind and n o t  s u b j e c t  t o  any in f luence  of t h e  e a r t h ,  

F igure  5  shows a  series of plasma measurements taken f o r  

a  pe r iod  of roughly 1.5 hours on J u l y  27th dur ing  which time 

t h e  s p a c e c r a f t  passed through t h e  l u n a r  shadow. I n  t h e  f i g u r e ,  

success ive  blocks of plasma d a t a  a r e  p l o t t e d  with time running 

h o r i z o n t a l l y ;  each l i n e  r e p r e s e n t s  a  4.3 second d a t a  record  

which i s  repeated  every 1 6 4  seconds. The plasma i n t e n s i t y  i s  

p l o t t e d  v e r t i c a l l y .  Now how do we i n t e r p r e t  these  d a t a ?  F i r s t  

of a l l ,  r e c a l l  t h a t  t h e  s a t e l l i t e  was s p i n  s t a b i l i z e d  s o  t h a t  

a s  t h e  s p a c e c r a f t  revolves  t h e  plasma d e t e c t o r  looks a l t e r n a t e l y  

i n t o  and away from t h e  plasma stream. I n  Figure  5  we notice 

f i r s t  of a l l  t h a t  a t  t h e  top  and bottom of t h e  f i g u r e  t h e  plasma 

s i g n a l s  show a  l a r g e  " r o l l  modulation;" t h a t  i s ,  they a r e  very 

s t r o n g  when t h e  plasma d e t e c t o r  p o i n t s  i n  a  p a r t i c u l a r  d i r e c t i o n  
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and very weak when it  p o i n t s  i n  o t h e r  d i r e c t i o n s .  We can t e l l  

t h e  d i r e c t i o n  t h e  plasma d e t e c t o r  p o i n t s  r e l a t i v e  t o  t h e  sun 

because t h e r e  i s  a  p h o t o c e l l  mounted on t h e  s a t e l l i t e  which 

g ives  a  pu l se  each time it passes  t h e  sun. From t h i s  " o p t i c a l  

a s p e c t  sensor"  we f i n d  t h a t  t h e  maxima i n  t h e  plasma s i g n a l s  

indeed occur almost  e x a c t l y  a t  t h e  time when t h e  d e t e c t o r  p o i n t s  

a t  t h e  sun. This ,  of course,  i s  j u s t  what we expect  f o r  t h e  

undis turbed s o l a r  wind. Moreover, t h e  width of t h e  s i g n a l s  

depends on t h e  temperature of t h e  plasma: f o r  a  co ld  plasma 

t h e  peaks a r e  narrow; f o r  a  h o t  plasma they a r e  wide. Again, 

t h e  width of t h e  s i g n a l s  shows t h a t  we a r e  d e a l i n g  wi th  t h e  

undis turbed s o l a r  wind and n o t  wi th  a  very h o t  plasma which has 

passed through a  shock. 

The c e n t r a l  p o r t i o n  of t h e  f i g u r e  r e p r e s e n t s  t h e  time when 

t h e  s a t e l l i t e  passes  behind t h e  moon. A s  it does s o ,  t h e  plasma 

s i g n a l s  f i r s t  decrease  and then d i sappear  completely. Then, a s  

t h e  s a t e l l i t e  emerges from t h e  l u n a r  shadow, t h e  sequence of 

even t s  i s  repeated:  t h e  s i g n a l s  reappear  f i r s t  wi th  reduced 

s i z e  and then wi th  f u l l  amplitude. 

Now how do we i n t e r p r e t  t h e s e  da ta?  For t h e  case  of  t h e  

e a r t h  f o u r  plasma parameters  change d r a s t i c a l l y  ac ross  t h e  bow 

shock. These a r e  t h e  d i r e c t i o n  of flow, t h e  temperature,  t h e  

speed and t h e  d e n s i t y .  During f o u r  months of plasma obse rva t ions  

!with Explorer  35,no changes i n  t h e s e  parameters  have been observed 

nea r  t h e  moon which could be i n t e r p r e t e d  a s  a  shock. 
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What can w e  say about  t h e  absence of a shock? I n  genera l ,  

a shock forms because i o n s  o r  molecules a r e  r e f l e c t e d  a t  t h e  

boundary of some o b s t a c l e  i n  t h e  flow. For t h e  e a r t h ,  t h i s  

o b s t a c l e  i s  t h e  magnetic f i e l d ,  and we conclude t h a t ,  s i n c e  t h e  

moon has no shock, it has  no apprec iab le  magnetic f i e l d ,  e i t h e r  

i n s t r i n s i c  o r  a c c r e t e d  from t h e  s o l a r  wind. I n  t h i s  case  one 

might expect  t h a t  t h e  s o l a r  wind would s t r i k e  t h e  s u r f a c e  of 

t h e  moon d i r e c t l y  and be completely adsorbed. Thus, no charged 

p a r t i c l e s  a r e  r e f l e c t e d  and no shock i s  formed. Indeed a s  f a r  

a s  we can t e l l ,  t h i s  seems t o  be t h e  case .  

Because t h e  plasma which s t r i k e s  t h e  sunward s i d e  of t h e  

moon i s  adsorbed, a plasma shadow o r  void e x i s t s  downstream 

from t h e  moon. I f  t h e  s o l a r  wind i s  very co ld ,  a l l  of t h e  ions  

move i n  t h e  d i r e c t i o n  of  t h e  wind v e l o c i t y ;  i f  i t  i s  h o t ,  t h e  

ions  s t i l l  move mostly i n  t h e  d i r e c t i o n  of flow b u t  a l s o  a t  

r i g h t  angles  t o  it. Because of t h i s  t r a n s v e r s e  motion, t h e  

s o l a r  wind i o n s  tend t o  f i l l  t h e  c a v i t y  behind t h e  moon. 

A schematic  r e p r e s e n t a t i o n  of t h e  r e s u l t s  i s  shown i n  

Figure  6 .  Here t h e  d o t t e d  l i n e s  l a b e l e d  (1) i n d i c a t e  t h e  

o p t i c a l  shadows; t h e  dashed-dotted l i n e s  l a b e l e d  ( 2 )  show t h e  

plasma shadow expected f o r  a co ld  s o l a r  wind; t h e  s o l i d  l i n e s  

a t  ( 3 )  show t h e  shadow f o r  a h o t  wind wi th  a temperature t y p i c a l  

of t h a t  usua l ly  observed i n  t h e  undis turbed s o l a r  plasma. I t  

i s  c l e a r  from t h e  f i g u r e  t h a t  t h e  plasma s i g n a l s  f a l l  t o  zero 

a t  a p o i n t  w e l l  i n s i d e  t h e  geometr ica l  shadow and t h a t  a c o n i c a l  
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c a v i t y  which extends a  few l u n a r  r a d i i  downstream i s  formed 

behind t h e  moon. 

I have a s  y e t  n o t  mentioned t h e  magnetic f i e l d  measurements 

c a r r i e d  o u t  on t h e  same s a t e l l i t e  independently by Sonnet a t  

Ames and by N e s s  a t  GSFC,  and s i n c e  I am pr imar i ly  concerned 

with t h e  plasma measurements, I do n o t  i n t e n d  t o  dwell  on them. 

I s h a l l  only say  t h a t  t h e  magnetic measurements l e a d  t o  t h e  same 

conclusions and t h a t  from them it may be p o s s i b l e  t o  o b t a i n  

a d d i t i o n a l  informat ion  about  t h e  i n t e r i o r  of t h e  moon. 

Now before  c l o s i n g  I should l i k e  t o  s t a t e  our  conclusions 

about t h e  plasma flow around Venus a s  c o n t r a s t e d  wi th  t h e  r e s u l t s  

f o r  t h e  e a r t h  and t h e  moon. 

The i n t e r p r e t a t i o n  i s  based on magnetic f i e l d  and plasma 

measurements c a r r i e d  o u t  on Mariner 5 by t h e  experimenters  from 

t h e  J P L ,  C I T ,  UCLA and M . I . T .  Our r e s u l t s  i n d i c a t e  t h a t  t h e  

s o l a r  wind does n o t  i n t e r a c t  wi th  Venus t o  form a shock i d e n t i c a l  

t o  t h a t  a t  t h e  e a r t h  b u t  t h a t  t h e  s i t u a t i o n  i s  somewhat s i m i l a r .  

Reca l l  t h a t  t h e  bow shock of t h e  e a r t h  i s  l o c a t e d  about  15 e a r t h  

r a d i i  upstream from t h e  p l a n e t .  I n  t h e  case  of Venus, shown 

schemat ica l ly  i n  Figure  7 ,  t h e  shock i s  very c l o s e  t o  t h e  s u r f a c e  

of t h e  p l a n e t  and i s  probably formed because of an i n t e r a c t i o n  

between t h e  s o l a r  wind and t h e  ionosphere of Venus. So f a r ,  

then ,  we have examined t h e  i n t e r a c t i o n  of t h e  s o l a r  wind wi th  

t h e  e a r t h ,  t h e  moon, and wi th  Venus. Each case  i s  d i f f e r e n t  
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and, whi le  t h e  r e s u l t s  a r e  understood i n  a  q u a l i t a t i v e  way, much 

remains t o  be done t h e o r e t i c a l l y  and exper imenta l ly ,  

I n  conclus ion ,  I should l i k e  t o  p o i n t  o u t  t h a t  t h i s  program 

of r e sea rch  which I have been d i s c u s s i n g  has been going on he re  

f o r  some e i g h t  yea r s .  I t  has involved t h e  e f f o r t s  of a  l a r g e  

number of people a t  M . I . T . ,  a t  NASA and i n  i n d u s t r y .  I n  t h i s  

s h o r t  review, it i s  impossible f o r  me t o  g ive  proper  r ecogn i t ion  

t o  t h e  i n d i v i d u a l s  who have c o n t r i b u t e d  t o  t h e  program. Per- 

s o n a l l y  I should l i k e  t o  express  my thanks t o  my a s s o c i a t e s  he re  

a t  M . I . T .  and t o  convey our  c o l l e c t i v e  a p p r e c i a t i o n  t o  our  

col leagues  a t  NASA f o r  t h e i r  suppor t  and encouragement. 
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PROFESSOR WILLIAM L. KRAUSHAAR 

The sea rch  f o r  h igh  energy cosmic gamma rays  wi th  space 

v e h i c l e s  and balloon-borne ins t ruments  has had a rocky h i s t o r y .  

To d a t e  t h e r e  has been a one-to-one correspondence between 

d iscovery  and undiscovery. And t h e r e  has been an unusual amount 

of enthusiasm among t h e  undiscoverers .  This  i s  t h e  background 

George Clark ,  Gordon Garmire, Paul  Higbie and I had i n  mind as  

we decided what I should say  h e r e  today about  t h e  r e s u l t s  of 

t h e  gamma ray  experiment we have been c a r r y i n g  o u t  on t h e  t h i r d  

Orb i t ing  S o l a r  Observatory. 

Gamma rays  a r e  high energy quanta of t h e  e lec t romagne t i c  

f i e l d .  Since they a r e  e l e c t r i c a l l y  n e u t r a l ,  they t r a v e l  through 

space i n  s t r a i g h t  l i n e s ,  undef lec ted  by t h e  g a l a c t i c  magnetic 

f i e l d .  However, they a r e  r a p i d l y  absorbed by t h e  e a r t h ' s  atmos- 

phere s o  t h a t  t h e i r  obse rva t ion  i s  a t a s k  f o r  space astronomy. 

Gamma rays  a r e  c h a r a c t e r i s t i c  i n d i c a t o r s  of t h e  most e n e r g e t i c  

phenomena t h a t  occur  i n  t h e  as t ronomical  universe .  We know from 

l a b o r a t o r y  experiments t h a t  gamma rays  a r e  c r e a t e d  i n  c o l l i s i o n s  

between e n e r g e t i c  charged p a r t i c l e s  and m a t t e r  and, t h e r e f o r e ,  

t h a t  as t ronomical  obse rva t ions  of cosmic gamma rays  w i l l  t e l l  us 

about  t h e  regions  of space i n  which these  impor tant  i n g r e d i e n t s  

e x i s t .  I t  i s  a p p r o p r i a t e ,  and c e r t a i n l y  n o t  a c c i d e n t a l ,  t h a t  

t h e  r i c h  new f i e l d  of high energy space astronomy has  been opened 

by groups c l o s e l y  a s s o c i a t e d  wi th  M. I .T . ,  and i n  p a r t i c u l a r ,  



with  Professor  Bruno Rossi who has  been i n  t h e  f o r e f r o n t  of 

cosmic ray  s t u d i e s  s i n c e  t h e  e a r l y  1930 's .  

The o b s e r v a t i o n a l  r e s u l t s  t h a t  I s h a l l  desc r ibe  were obta ined 

wi th  an ins t rument  c a r r i e d  i n t o  o r b i t  on March 8 ,  1967, on t h e  

t h i r d  O r b i t i n g  S o l a r  Observatory. The ins t rument  has been work- 

i n g  w e l l  e v e r  s i n c e .  

Since gamma rays  a r e  e l e c t r i c a l l y  n e u t r a l ,  t h e  only way 

we can d e t e c t  them i s  t o  d e t e c t  t h e  charged p a r t i c l e s  they pro- 

duce. I n  t h e  OSO-3 ins t rument  t h i s  i s  done wi th  an assembly 

of s c i n t i l l a t i o n  and Cerenkov d e t e c t o r s  enclosed w i t h i n  a box 

of p l a s t i c  s c i n t i l l a t o r .  The box i s  i t s e l f  a  d e t e c t o r  of charged 

p a r t i c l e s  and whenever it r e g i s t e r s  t h e  passage of  a  charged 

p a r t i c l e  t h e  appara tus  i s  temporar i ly  turned o f f .  Thus only 

e l e c t r i c a l l y  n e u t r a l  p a r t i c l e s  which produce t h e  c h a r a c t e r i s t i c  

gamma ray  r e a c t i o n  i n  t h e  i n n e r  d e t e c t o r  system a r e  recorded.  

The e l e c t r o n i c  p o r t i o n  of t h e  d e t e c t o r  ins t rument  was designed 

and cons t ruc ted  a t  t h e  Lincoln Labora tor ies  of  M. I .T .  TWO of 

t h e  people who were l a r g e l y  respons ib le  f o r  t h a t  e f f o r t  are now 

a t  t h e  M. I . T .  Center f o r  Space Research--Richard Baker and Robert 

Ras che . 
I n  o r b i t  t h e  device d e t e c t s  gamma ray  even t s  a t  t h e  r a t e  

of about  one p e r  day from t h e  open sky.  During t h i s  t ime about  

1 0  m i l l i o n  charged cosmic ray  p a r t i c l e s  pass  through t h e  ins t rument ,  

With a  d e t e c t i o n  r a t e  which i s  t h i s  smal l ,  it i s  very impor tant  

W. L. Kraushaar 



t h a t  w e  monitor the func t ion ing  of t h e  device t o  i n s u r e  t h a t  

it i s  behaving p roper ly .  To do t h i s  w e  record  a  v a r i e t y  of 

"housekeepingw d a t a ,  which a r e  t e l emete red  continuously t o  

provide a  check of  the i n s t r u m e n t ' s  performance. These d a t a  

a r e  d isp layed g r a p h i c a l l y  f o r  v i s u a l  inspec t ion .  Among t h e  

housekeeping d a t a  a r e  t h e  i n d i v i d u a l  counting r a t e s  of  t h e  

va r ious  elements i n  t h e  d e t e c t o r  system. These r a t e s  show t h e  

expected wide v a r i a t i o n s  due t o  t h e  v a r i a t i o n  of t h e  charged 

cosmic ray  i n t e n s i t y  wi th  geomagnetic l a t i t u d e .  The e f f e c t s  

of p e r i o d i c  excurs ions  i n t o  t h e  e a r t h ' s  Van Al len  r a d i a t i o n  

b e l t s  a r e  a l s o  e v i d e n t  and even t s  accumulated dur ing  t h e s e  

pe r iods  of t ime a r e  excluded from t h e  gamma ray  d a t a .  Whenever 

a g a m a  ray  e v e n t  i s  de tec ted ,  t h e  r o u t i n e  t r ansmiss ion  of  t h e  

housekeeping d a t a  i s  i n t e r r u p t e d  and d e t a i l e d  informat ion  about  

t h e  even t  i s  t r ansmi t t ed .  

The gamma ray  d e t e c t o r  i s  mounted s o  t h a t  it looks o u t  along 

a r a d i u s  of  t h e  wheel of t h e  OSO s p a c e c r a f t .  I t  t h e r e f o r e  scans  

t h e  sky and e a r t h  each time it r o t a t e s .  Ordinary charged cosmic 

rays  genera te  many gamma r a y s  when they h i t  t h e  e a r t h ' s  atmos- 

phere.  A s  a  r e s u l t  t h e  r a t e  of gamma ray  even t  i s  h igh when 

t h e  ins t rument  i s  po in ted  toward t h e  e a r t h  and reaches a  maximum 

when it  p o i n t s  toward t h e  hor izon.  I n  c o n t r a s t ,  t h e  r a t e  of 

gama ray  even t s  from t h e  sky i s  very low. We a r e  conf iden t ,  

however, t h a t  t h e  "sky even t s"  we d e t e c t  a r e  due p r imar i ly  t o  

genuine cosmic gamma rays .  

W.  L. Kraushaar 



One c r i t i c a l  t e s t  of our  con ten t ion  t h a t  t h e  t i n y  sky f l u x  

we have d e t e c t e d  i s ,  i n  f a c t ,  a  t r u e  cosmic gamrna ray  f l u x  and 

i s  n o t  j u s t  an ins t rumenta l  e f f e c t  i s  whether t h e  r a t e  of sky 

even t s  v a r i e s  wi th  t h e  geomagnetic l a t i t u d e  of t h e  s a t e l l i t e  

a s  it moves around t h e  e a r t h .  The cosmic ray  background goes 

up and down wi th  geomagnetic l a t i t u d e .  I f  t h e  de tec ted  g a m a  

rays  a r e  of cosmic o r i g i n ,  t h e r e  ought t o  be no dependence what- 

e v e r  on t h e  geomagnetic l a t i t u d e .  I n  f a c t ,  no such dependence 

i s  e v i d e n t  i n  t h e  r a t e  of sky even t s .  

Our galaxy i s  a  l a r g e  f l a t  d i s k ,  t h e  Milky Way. This d i sk  

con ta ins  s t a r s ,  gas and cosmic rays .  Since t h e  i n t e r a c t i o n s  s f  

cosmic rays  and gas produce g a m a  r a y s ,  we expect  t h e  i n t e n s i t y  

of gamma rays  t o  be g r e a t e s t  i n  d i r e c t i o n s  l y i n g  c l o s e  t o  t h e  

p lane  of t h e  galaxy.  I n  f a c t ,  t h e  observed r a t e  i s  markedly 

g r e a t e r  i n  t h e  g a l a c t i c  p lane  than  it i s  towards t h e  g a l a c t i c  

po les .  We regard  t h i s  a s  our  s t r o n g e s t  evidence t h a t  we are 

observing cosmic gamma rays .  

Of g r e a t  i n t e r e s t  a l s o  i s  t h e  v a r i a t i o n  of  t h e  g a m a  ray  

i n t e n s i t y  wi th  g a l a c t i c  long i tude ,  t h e  angle measured i n  t h e  

p lane  of t h e  Milky Way and away from t h e  c e n t e r .  This v a r i a t i o n  

may i n d i c a t e  how g a l a c t i c  gas and cosmic rays  a r e  d i s t r i b u t e d , ,  

I n  f a c t ,  t h e  d a t a  show a  s t r o n g  concen t ra t ion  toward t h e  g a l a c t i c  

c e n t e r  region.  

The d a t a  I have desc r ibed  were acc  

weeks. Our d e t e c t o r  and OSO-3 a r e  s t i l l  working w e l l  and w e  



trust d a t a  y e t  t o  be recorded w i l l  s t r e n g t h e n  t h e  i n t e r p r e t a t i o n  

I have given h e r e  today. 

W. L. Kraushaar 
A p r i l  2 5 ,  1 9 6 8  



PROFESSOR WINSTON R. MARKEY 

One of t h e  l a b o r a t o r i e s  i n  t h e  Space Center ,  t h e  Experimental 

Astronomy Laboratory,  has been concerned wi th  ins t rumenta t ion  

f o r  phys ica l  measurements. 

The b a s i c  d i s c i p l i n e  of t h e  s t u d e n t s  and s t a f f  members i n  

t h e  Experimental Astronomy Laboratory i s  t h e  des ign  of i n e r t i a l  

nav iga t ion  systems. Three a r e a s  of r e sea rch  have emerged from 

t h i s  b a s i c  d i s c i p l i n e .  They a r e :  f i r s t ,  methods of i n e r t i a l  

and o p t i c a l  ins t rumenta t ion ;  second, s t u d i e s  of g r a v i t a t i o n a l  

and e lec t romagnet ic  f i e l d s ;  and t h i r d ,  t h e  des ign  of both  t e r -  

r e s t r i a l  and deep space nav iga t ion  systems. 

A p r i n c i p a l  mot iva t ion  has been t o  apply t h e  methods of 

automatic  geometric measurements t o  e x p l o r a t i o n s  i n  t h e  t e r r e s -  

t r i a l  and e x t r a t e r r e s t r i a l  sc iences .  These methods have been 

developed by t h e  M.I .T .  Ins t rumenta t ion  Laboratory l a r g e l y  through 

DOD and NASA suppor t .  I n  our  c u r r e n t  a c t i v i t i e s  we have a mixture 

of s c i e n t i f i c  r e sea rch  and eng inee r ing  development which, t o  a 

s i g n i f i c a n t  e x t e n t ,  i s  p r a c t i c e d  by graduate  s t u d e n t s  w ~ r k i n g  

wi th  members of t h e  f a c u l t y  and resea rch  s t a f f .  

Over a number of yea r s  we have s t u d i e d  t h e  ins t rumenta t ion  

of balloon-borne t e l e scope  s t a b i l i z a t i o n  systems. One of our  

o r i g i n a l  problems was t o  determine t h e  parameters f o r  s t a b i l i z a -  

t i o n  systems t h a t  could be  used f o r  both  manned and unmanned 

experiments.  The two sources  of d i s tu rbance  were recognized t o  

be s t e l l a r  s c i n t i l l a t i o n  and b i o l o g i c a l  n o i s e  ( i n  t h e  use of 



manned sys tems) .  I n  coopera t ion  wi th  t h e  Smithsonian Astrophys- 

i c a l  Observatory w e  conducted a s e r i e s  of  f l i g h t  experiments 

designed t o  measure t h e  e f f e c t  of t h e s e  sources  of d i s tu rbance  

on t h e  s t a b i l i z a t i o n  of a v a r i e t y  of o p t i c a l  ins t ruments .  Ear ly  

ba l loon  f l i g h t s  were designed t o  measure s t e l l a r  s c i n t i l l a t i o n  

as  a func t ion  of a l t i t u d e  up t o  6 0 , 0 0 0  f e e t .  This  system was 

used t o  measure t h e  s c i n t i l l a t i o n  s p e c t r a  of P o l a r i s  and Del ta  

Ursa Minoris.  

Subsequently we conducted a manned f l i g h t  a t  Hollman A i r  

Force Base us ing  a twelve-inch Cassegrain t e l e scope  mounted i n  

a s t a b i l i z a t i o n  system on t o p  of a two-man gondola. The s t a b i l -  

i z a t i o n  and o r i e n t a t i o n  c o n t r o l  system allowed t h e  observer  t o  

p o s i t i o n  t h e  t e l e s c o p e ,  through an o p t i c a l  l i n k ,  on s u b j e c t s  of 

i n t e r e s t .  A f t e r  a c q u i s i t i o n ,  an automatic  t r a c k i n g  and s t a b i l i -  

z a t i o n  system c o n t r o l l e d  t h e  o r i e n t a t i o n  of t h e  t e l e scope .  The 

components i n  t h e  system were s i m i l a r  t o  those  used i n  a i r c r a f t  

nav iga t ion  and missile guidance systems. The r e s u l t s  of t h i s  

experiment showed t h a t  a s t a b i l i z a t i o n  accuracy of a second of 

a r c  o r  l e s s  i n  a manned system i s  p o s s i b l e  wi th  t h i s  type  of 

equipment. 

During t h i s  r e sea rch  we became i n t e r e s t e d  i n  atmospheric  

l i g h t  i n  connect ion wi th  t h e  performance of s t a r  t r a c k e r s .  Both 

balloton and rocke t  experiments were subsequently conducted. I 

s h a l l  d i s c u s s  f i r s t  t h e  experiments us ing  o p t i c a l  and e l e c t r o n i c  

ins t rumenta t ion  designed f o r  ba l loon  v e h i c l e s .  The upper hemi- 



sphere  was scanned by t h e  l e n s  i n  t h e  dome a t  t h e  t o p  of t h e  

ba l loon  gondola, and t h e  s i g n a l  from a  photodetec tor  opera t ing  

i n  t h e  v i s i b l e  spectrum was recorded on board. The ins t rument  

package was mounted i n  a  f r a n g i b l e  landing s t r u c t u r e .  Russe l l  

Schweickart,  who i s  one of t h r e e  a s t r o n a u t s  who pursued graduate  

s t u d i e s  i n  t h e  l a b o r a t o r y ,  a s s i s t e d  i n  t h e  conducting of t h e s e  

experiments .  

Data were obta ined which compared t h e  measurements a t  an 

a l t i t u d e  of 102,000 f e e t  wi th  a  t h e o r e t i c a l  model proposed by 

Chandrasekhar. The divergence of t h e  experimental  d a t a  curves 

a t  low e l e v a t i o n  angles  was n o t  s u r p r i s i n g  s i n c e  t h e  t h e o r e t i c a l  

model assumed a  f l a t  e a r t h .  The reason f o r  t h e  divergence of 

t h e  experimental  d a t a  curves was n o t  c e r t a i n ,  b u t  s t r a y  l i g h t  

might have e n t e r e d  t h e  photometer through r e f l e c t i o n  o f f  t h e  

ba l loon.  

The second example of our  r e sea rch  concerns t h e  ex tens ion  

of t h e s e  ins t rumenta t ion  techniques  t o  an a i r c r a f t .  I n  cooper- 

a t i o n  wi th  t h e  A i r  Force Cambridge Research Labora to r i e s ,  a  

group has been engaged i n  an experimental  program of a i r -borne  

g r a v i t y  measurements. 

The measurements of t h e  f i g u r e  of t h e  e a r t h  and of i t s  

g r a v i t a t i o n a l  f i e l d  a r e  be ing improved by a  v a r i e t y  of techniques ,  

The l a r g e  s c a l e  o r  g l o b a l  f e a t u r e s  a r e  now being measured quite 

a c c u r a t e l y  by s a t e l l i t e  geodesy. However, smal l  s c a l e  f e a t u r e s ,  



o r  l o c a l  v a r i a t i o n s ,  cannot be reso lved  by t h e  s a t e l l i t e  obser- 

va t ions  and gravimetry must be used f o r  t h i s  purpose. 

Gravity measurements made by an ins t rument  a t  r e s t  on a f i r m  

base  a r e  a c l a s s i c a l  problem, and h igh r e s o l u t i o n  ins t ruments  

f o r  such measurements have been a v a i l a b l e  f o r  s e v e r a l  decades. 

However, much of t h e  s u r f a c e  of t h e  e a r t h  i s  covered by water  s o  

t h a t  a f i r m  base  i s  n o t  a v a i l a b l e ,  and some of t h e  land a r e a s  a r e  

remote o r  i n a c c e s s i b l e .  Thus, measurements on marine v e h i c l e s  

o r  i n  an a i r c r a f t  a r e  necessary.  

Adaptat ions of t h e  land ins t ruments  t o  moving v e h i c l e s  have 

been made, b u t  those  very c h a r a c t e r i s t i c s  r e spons ib le  f o r  high 

accuracy t end  t o  i n t e r f e r e  wi th  t h e  measurements when t h e  i n s t r u -  

ments a r e  i n  motion. To overcome t h e s e  d i f f i c u l t i e s ,  t h i s  group 

has been applying t h e  equipment and techniques of t h e  i n e r t i a l  

guidance f i e l d  t o  t h i s  geophysica l  problem. 

The g r a v i t y  meter we a r e  us ing  i s  an accelerometer  from t h e  

T i t a n  111 space b o o s t e r  guidance system. This  ins t rument  i s  of 

t h e  pendulous gyro type  a s  designed a t  t h e  M.I.T.  Ins t rumenta t ion  

Laboratory. I t  was produced by t h e  A.C. E l e c t r o n i c s  Divis ion  

of t h e  General Motors Corporat ion.  

The b a s i c  accelerometer ,  known a s  t h e  Type 2 5  PIGA, was 

modified t o  incorpora te  a thermal  c o n t r o l  and magnetic s h i e l d  

designed by t h e  Experimental Astronomy Laboratory f o r  use i n  

t h i s  p r o j e c t .  The ins t rument  uses p r i n c i p a l l y  T i t a n  e l e c t r o n i c s  

wi th  only minor changes. 

W.  R. Markey 



The ins t rument  readout  and d a t a  recording system were 

s t a n d a r d  commercial equipment. 

I n  o r d e r  t o  keep t h e  accelerometer  poin ted  i n  t h e  v e r t i c a l  

d i r e c t i o n ,  a  s t a b l e  p la t fo rm was needed. This  s t a b l e  p la t fo rm 

was assembled from components of a  camera s t a b i l i z a t i o n  p la t fo rm 

and of an i n e r t i a l  p la t fo rm used i n  a  Dopple r - ine r t i a l  nav iga t ion  

system. These e x i s t i n g  p la t forms had both adequate s i z e  and 

performance f o r  our  needs. 

The e n t i r e  system was f i r s t  i n s t a l l e d  i n  a  KC-135 j e t  a i r -  

c r a f t .  However, t h i s  a i r c r a f t  was reass igned t o  o t h e r  purposes 

n o t  long a f t e r  t h e  i n s t a l l a t i o n ,  and t h e  equipment was subsequently 

i n s t a l l e d  i n  a  C-130 a i r c r a f t .  A s e r i e s  of s u c c e s s f u l  f l i g h t s  

was made dur ing  t h e  p a s t  w i n t e r  and s p r i n g  over  g r a v i t y  ranges 

i n  Montana and i n  t h e  Southwest. The d a t a  from t h e s e  f l i g h t s  

a r e  now being analyzed. I n d i c a t i o n s  a r e  t h a t  t h e  goa l  of t h i s  

r e sea rch  w i l l  be r e a l i z e d .  Airborne g r a v i t y  measurements t o  

w i t h i n  a  few m i l l i g a l s  ( a  few p a r t s  p e r  m i l l i o n ) ,  over  a r e a s  

f i v e  degrees square ,  appear  t o  be poss ib le .  

I n  connect ion wi th  t h i s  experimental  program, s t u d i e s  of 

methods of t e r r e s t r i a l  nav iga t ion  a r e  be ing conducted. O f  

p r i n c i p a l  i n t e r e s t  h e r e  a r e  optimum conf igura t ions  of hybr id  

i n e r t i a l  systems and techniques of barometr ic  a l t i m e t r y .  This  

r e sea rch  has a  d i r e c t  connect ion wi th  t h e  evo lu t ion  of av ion ics  

systems f o r  SST and VTOL a i r c r a f t .  



I n  a d d i t i o n  t o  t h e s e  t e r r e s t r i a l  s t u d i e s ,  w e  have s e v e r a l  

g radua te  s t u d e n t s  i nvo lved  i n  a s t r o g u i d a n c e  s t u d i e s .  Before 

rev iewing  t h i s  work, however, I shou ld  l i k e  t o  mention an exper-  

iment which h a s  evolved  through e a r l i e r  r e s e a r c h  on methods of 

s m a l l  d i sp lacement  d e t e c t i o n  u s i n g  a l a s e r .  

Recent ly ,  through a j o i n t  e f f o r t  between t h e  Experimental  

Astronomy Labora tory  and t h e  Research Labora tory  o f  E l e c t r o n i c s ,  

Shaoul Gzekia l  and Rainer  Weiss,of t h e  Phys ics  Department, have 

observed f o r  t h e  f i r s t  t i m e  a l a se r - induced  t r a n s i t i o n  i n  a 
0 

molecular  beam. They have demonstrated t h a t  a 5145 A argon 

l a s e r  induces  resonance f l u o r e s c e n c e  i n  a molecular  beam of  

i o d i n e .  The n a t u r a l  wid th  o f  t h e  i o d i n e  resonance l i n e  i s  very  

narrow, around 50 kHz, and t h e  s h i f t s  i n  t h e  c e n t e r  f requency 

of t h i s  l i n e  a r e  very  s m a l l ,  i f  t h e  t r a n s i t i o n  i s  observed i n  

a molecular  beam. 

The s i g n i f i c a n c e  of  t h i s  experiment  l i e s  i n  t h e  p o s s i b i l i t y  

of u s i n g  t h i s  i o d i n e  resonance ,  which i s  e x c i t e d  by t h e  l a s e r ,  

i n  t h e  beam, a s  a pr imary r e f e r e n c e  i n  t h e  feedback s t a b i l i z a -  

t i o n  frequency.  P re l imina ry  c a l c u l a t i o n s  i n d i c a t e  t h a t  it may 

be  p o s s i b l e  t o  achieve  long  t e r m  s t a b i l i t y  and r e s e t t a b i l i t y  o f  

13  t h e  l a s e r  f requency t o  a few p a r t s  i n  10 . 
The s t a b i l i z a t i o n  scheme u s i n g  t h i s  p r i n c i p l e  i s  d e f i n e d  

a s  fo l lows :  L igh t  from t h e  l a s e r  i s  passed  through a molecular  

beam of i o d i n e  and t h e  induced resonance  f l u o r e s c e n c e  i s  d e t e c t e d  

and used i n  a feedback loop  t o  ma in ta in  t h e  l a s e r  f requency a t  
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t h e  c e n t e r  of t h e  i o d i n e  resonance.  I n  a c t u a l  p r a c t i c e ,  a Fal3ry- 

P e r o t  i n t e r f e r o m e t e r  i s  used a s  a  s h o r t  term re fe rence  and t h e  

molecular  beam s i g n a l  i s  used t o  r e g u l a t e  t h e  resonance frequency 

of t h e  Fabry-Perot i n t e r f e r o m e t e r  f o r  long term s t a b i l i t y .  

A s t a b i l i z e d  l a s e r  of t h i s  type  can be app l i ed  t o  r e sea rch  

i n  p r e c i s i o n  l eng th  measurements, such a s  those  requ i red  i n  geo- 

phys ics  and i n  l eng th  s t andards ;  i n  l a s e r  communication, and 

i n  experimental  r e l a t i v i t y ,  

Returning now t o  t h e  o t h e r  s i d e  of our  a n a l y t i c a l  work, 

t h e  as t roguidance  group has a  two-fold purpose: f i r s t ,  t o  make 

exp lo ra to ry  o r  p i l o t  i n v e s t i g a t i o n s  t o  dynamics problems t h a t  

a r e  of i n t e r e s t  t o  NASA; and second, t o  provide a  s u i t a b l e  

environment f o r  graduate  s t u d e n t s  engaged i n  t h e s i s  r e sea rch .  

Because of t h e  l i m i t e d  s i z e  of t h e  opera t ion ,  we do n o t  

make exhaust ive  s t u d i e s  of t h e  problems t h a t  conf ron t  us .  Rather ,  

our  o b j e c t i v e  i s  t o  determine t h e  f e a s i b i l i t y  of a  v a r i e t y  of 

s i m p l i f y i n g  techniques i n  s o l v i n g  a problem. 

The genera l  a r e a s  of our  r e sea rch  e f f o r t  inc lude  i n t e r p l a n -  

e t a r y  t r a j e c t o r i e s  and guidance, opt imal  c o n t r o l  theory  and 

e a r t h  s a t e l l i t e  theory .  

An e a r l y  r e s u l t  ob ta ined  i n  t h e  s tudy  of i n t e r p l a n e t a r y  

t r a j e c t o r i e s  was t h a t  a  s i g n i f i c a n t  sav ing  i n  f u e l  can be 

e f f e c t e d  i n  an i n t e r p l a n e t a r y  t r a n s f e r  i f ,  on the way from e a r t h  

t o  t h e  d e s t i n a t i o n  p l a n e t ,  t h e  space v e h i c l e  swings by an Fnter-  

mediate p l a n e t ;  f o r  example, a  swingby of Venus can be used i n  

a  f l i g h t  from e a r t h  t o  Mars, o r  v i c e  v e r s a .  



I n  ano the r  s t u d y ,  t h e  dynamics of i n t e r p l a n e t a r y  f l i g h t  

was s i m p l i f i e d  by c o n s i d e r i n g  only t h e  e f f e c t  of  t h e  sun on t h e  

v e h i c l e .  I t  was then  p o s s i b l e  t o  o b t a i n  a  c l o s e d  form s o l u t i o n  

t o  t h e  p e r t u r b e d  two-body problem i n v o l v i n g  an e l l i p t i c a l  o r b i t .  

This  work was extended and a t  t h e  p r e s e n t  t ime c l o s e d  form so lu -  

t i o n s  e x i s t  f o r  a l l  c o n i c  s e c t i o n s .  A s  a  r e s u l t  i t  i s  p o s s i b l e  

t o  dev i se  a n a l y t i c a l l y  a  l o g i c  f o r  mid-course guidance c o r r e c t i o n .  

This s i m p l i f i e d  technique  i s  n o t  s o  a c c u r a t e  a s  t h e  e l ab -  

o r a t e  d i g i t a l  techniques  t h a t  a r e  used,  b u t  i t  i s  adequate  f o r  

miss ion  p lann ing  purposes and i s  very much cheaper  t o  implement. 

Both t h e s e  r e s u l t s - - t h e  swingby t r a j e c t o r y  and t h e  s impl i -  

f i e d  guidance solut ion--have been s t u d i e d  by i n v e s t i g a t o r s  a t  

o t h e r  i n s t i t u t i o n s .  We merely wish t o  p o i n t  o u t  t h a t  t h i s  type  

of r e s e a r c h  can be c a r r i e d  o u t  e f f e c t i v e l y  y e t  i nexpens ive ly  

( f r e q u e n t l y  by s t u d e n t s )  . 
The " e a r l y "  guidance s t u d i e s  were p r i m a r i l y  f e a s i b i l i t y  

s t u d i e s ,  des igned t o  determine whether  and how a  miss ion  could  

be accomplished. 

The emphasis i n  more r e c e n t  work i s  on performing a  miss ion  

"opt imal ly"- - i .e . ,  o b t a i n i n g  ( through f i l t e r i n g )  t h e  b e s t  p o s s i b l e  

e s t i m a t e  of t h e  s t a t e  of  a  system and app ly ing  t h e  necessary  

c o n t r o l  f o r  t h e  system i n  t h e  most e f f i c i e n t  manner. Thus, we 

a r e  engaged i n  r e s e a r c h  which has  a s  i t s  o b j e c t i v e  t h e  determin- 

a t i o n  of an opt imal  s t r a t e g y  when it i s  known t h a t  t h e  a v a i l a b l e  

d a t a  a r e  no i sy  and t h e r e  i s  u n c e r t a i n t y  i n  t h e  a p p l i c a t i o n  of 
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t h e  c o r r e c t i v e  c o n t r o l .  The computing requirements f o r  so lv ing  

p r a c t i c a l  problems of t h i s  n a t u r e  a r e  s o  g r e a t  t h a t  f u l l  numerical 

s o l u t i o n s  a r e  n o t  usua l ly  obta ined.  W e  a r e  sea rch ing  f o r  s impler  

computer a lgor i thms,  based on i n s i g h t  i n t o  t h e  fundamental phys ics  

of t h e  system, which make such problems t r a c t a b l e .  

I n  a d d i t i o n  t o  t h e  deep space s t u d i e s ,  we a r e  involved i n  

e a r t h  s a t e l l i t e  theory .  W e  a r e  looking i n t o  p o s s i b l e  s a t e l l i t e  

experiments which w i l l  provide u s e f u l  d a t a  f o r  geode t i c  and 

oceanographic purposes.  S p e c i f i c  problems being i n v e s t i g a t e d  

inc lude  t h e  loc 'at ion of major oceanic  c u r r e n t  systems and t h e  

use of f i l t e r i n g  theory  t o  e l i m i n a t e  undes i rable  wave e f f e c t s  

from r a d a r  a l t i m e t e r  readings  taken over  t h e  oceans. 

One p a r t  of t h e s e  s t u d i e s  has  e v ~ l v e d  i n t o  an experiment ,  

and I should l i k e  t o  d i s c u s s  t h i s  experiment a s  t h e  l a s t  example 

of our  r e sea rch .  

During t h e  p a s t  two yea rs  we have been p a r t i c i p a t i n g  i n  

NASA's Ear th  Resources Program. Our t a s k  has been t o  examine 

t h e  use fu lness  of a e r i a l  photographs and t h e  measurement of ealor 

p a t t e r n s  by ins t rumenta l  means a s  a  method of improving the  under- 

s t a n d i n g  of t h e  processes  a t  work i n  t h e  ocean, with an eye t o  

t h e  s a t e l l i t e  programs t h a t  we expect  i n  t h e  f u t u r e .  

I n  t h e  p a s t  we have at tempted t o  measure and understand 

it from t h e  s i n g l e  p o i n t  which an oceanographic r esea rch  s h i p  

occupies.  Today w e  have the promise of viewing t h e  s e a  f r o m  a 

g r e a t l y  improved vantage p o i n t .  



A s  an example of t h e  methods t h a t  we use wi th  t o d a y ' s  tech-  

nology, we look a t  photographs such a s  an a e r i a l  view of  a beach 

and a pond on Cape Cod. The d i f f e r e n c e s  between an e u t r o p h i c  

f r e s h  water  pond and t h e  ocean, which may be determined by pains-  

t a k i n g  work by men on t h e  e a r t h ' s  s u r f a c e ,  a r e  r e a d i l y  apparent  

i n  these  photographs. Close examination of photos such a s  these  

by t r a i n e d  observers  can t e l l  a g r e a t  d e a l  about t h e  age and 

cond i t ion  of t h e  pond and about  t h e  na tu re  of t h e  ocean. The 

c o l o r ,  t h e  t ransparency and t h e  genera l  appearance of  t h e  wa te r  

a t  t h e  seashore  may l e a d  t o  good e s t i m a t e s  of t h e  s t a t e  of t h e  

water  masses p r e s e n t ,  t h e  n a t u r a l  and human processes  a c t i n g  

nearby and t h e  p o t e n t i a l  f o r  f i s h e r i e s  and minera l  e x p l o i t a t i o n .  

Our techniques of a n a l y s i s  inc lude  spectra-photometry, 

microdensitometry and more q u a l i t a t i v e  methods of photo i n t e r -  

p r e t a t i o n .  The resea rch  i s  be ing  done i n  c o l l a b o r a t i o n  wi th  

marine b i o l o g i s t s  and g e o l o g i s t s  a t  Ilarvard College and a t  t h e  

Woods Hole Oceanographic I n s t i t u t e .  A s  equipment, we use a 

spectra-photometer  which was developed f o r  t h e  rocke t  e x p l o r a t i o n  

of l i g h t  i n  t h e  atmosphere mentioned e a r l i e r  a s  w e l l  a s  a f i l t e r  
0 

wheel which permi ts  scanning t h e  v i s i b l e  spectrum from 4 0 0 0  A 
0 0 

t o  7000 A i n  windows 1 0 0  A wide. Eleven of t h e s e  ins t ruments  

were flown on a v a r i e t y  of m i s s i l e  boos te r s  dur ing  an i n v e s t i -  

g a t i o n  of l i g h t  i n  t h e  upper atmosphere. 

Our p r e s e n t  work i s  be ing  done a t  t e s t  s i t e s  i n  t h e  Bahama 

I s l a n d s  and i n  Miami's Biscayne Bay. We have taken a e r i a l  views 

W .  R. Markey 



of t h e  Bahamian s i t e  from a  NASA a i r p l a n e  a t  a l t i t u d e s  up t o  

25,000 f e e t .  The i s l a n d s  v i s i b l e  inc lude  North and South Cat 

Cays, and Guy Cay, j u s t  nor th  of Miami. These photographs show 

t h e  geo log ica l  and b i o l o g i c a l  f e a t u r e s  of t h e  ocean bottom i n  

t h e  waters  surrounding t h e  i s l a n d s  as  w e l l  a s  some of t h e  

informat ion  w e  r e q u i r e  t o  improve t h e  c h a r t s  of t h e  region.  

From t h e  p a t t e r n s  on t h e  photographic images, w e  can see t h e  

d i s t r i b u t i o n  of t h e  major b i o l o g i c a l  assemblages on t h e  f l o o r  

of t h e  s e a  and from these  we may deduce something of t h e  phys ica l  

n a t u r e  of t h e  ocean a t  t h i s  p o i n t :  i t s  temperature and s a l i n i t y ,  

t h e  range of t h e  t i d e s ,  and t h e  f o r c e s  caused by waves and cur- 

r e n t s .  These photographs, and o t h e r s  l i k e  it, have been taken 

as  p a r t  of an exper imenta l  program t o  determine t h e  informat ion  

t h a t  we s h a l l  be a b l e  t o  c o l l e c t  wi th  s a t e l l i t e  photographs of 

t h e  e a r t h .  

Addi t iona l  photographs taken dur ing  t h e  f l i g h t  of t h e  

Gemini XI1 s p a c e c r a f t  show t h e  same a r e a  i n  t h e  Bahamas from 

an a l t i t u d e  of 1 2 0  mi les ,  taken wi th  a  smal l ,  hand-held camera, 

Such i tems a s  sand b a r s  a r e  v i s i b l e  i n  t h e s e  p i c t u r e s ,  and c l o s e r  

i n s p e c t i o n  shows t h a t  t h e  i s l a n d s  a r e  a l s o  v i s i b l e .  These photo- 

graphas, a s  remarkable a s  they a r e ,  may be cons idered  only a 

f o r e t a s t e  of t h e  k ind  of m a t e r i a l  we s h a l l  have a v a i l a b l e  t o  

work wi th  i n  t h e  1970's  when t h e  NASA Ear th  Resources Survey 

s a t e l l i t e s  a r e  launched. One photograph may show a  region where 

l i t t l e  human a c t i v i t y ,  of a  k ind  d e t r i m e n t a l  t o  o r  d i s r u p t i v e  



of t h e  n a t u r a l  environment, has occurred ,  whereas o t h e r s  i n  

ad jacen t  a r e a s  may show an a r e a  where t h i s  i s  no longer  t r u e .  

When these  photographs a r e  examined, t h e  e f f e c t s  of man's 

unplanned a c t i v i t i e s  become apparent .  Whether t h i s  d i s r u p t i o n  

of t h e  n a t u r a l  processes  i s  d e s A r u c t i v e  i s  n o t  d e f i n i t e l y  known, 

b u t  t h e  exper ience  t o  be drawn from t h e  cond i t ion  of our  r i v e r s  

and l akes  should n o t  be  overlooked. So f a r ,  t h e  only d e t a i l e d  

s a t e l l i t e  ins t rument  coverage t h a t  has been a v a i l a b l e  t o  us has  

been of t h e  e q u a t o r i a l  and s u b t r o p i c a l  regions  t h a t  have l a i n  

beneath t h e  pa ths  of t h e  Gemini s p a c e c r a f t ,  such a s  those  photo- 

graphs of t h e  mouth of t h e  Colorado River  and t h e  Gulf of Cali- 

f o r n i a  o r  of S o ~ t h e r n  I n d i a  and Ceylon. By t h e  beginning of 

t h e  n e x t  decade, however, a l l  of  t h e  temperate zones w i l l  have 

been covered. 

By t h e  time those  f l i g h t s  a r e  a r e a l i t y ,  we hope t o  have 

done enough work on t h e  i n t e r p r e t a t i o n  and a n a l y s i s  of  p r e s e n t l y  

a v a i l a b l e  photographs and ins t rumenta l  records  t o  t ake  advantage 

of t h i s  s i g n i f i c a n t  development i n  t h e  Ear th  Resources Program, 
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PROFESSOR BRUNO B.  ROSS1 

Astrophysics  a t  M.I .T.  i nc ludes  a  wide v a r i e t y  of d i f f e r -  

e n t  programs. I n  f a c t ,  it i s  perhaps f a i r  t o  say  t h a t  o p t i c a l  

astronomy i s  t h e  only major f i e l d  which i s  n o t  y e t  covered, 

al though we have p lans  t o  e n t e r  t h i s  f i e l d ,  hopeful ly  i n  t h e  

nea r  f u t u r e .  

Even a  summary d i scuss ion  of  a l l  a c t i v i t i e s  i n  a s t rophys ics  

a t  M . I . T .  would t ake  much more time than we have a v a i l a b l e  t h i s  

morning; t h e r e f o r e ,  I s h a l l  l i m i t  my remarks t o  a  b r i e f  genera l  

o u t l i n e  of t h e s e  a c t i v i t i e s  whi le  o t h e r  speakers  l a t e r  i n  t h e  

program w i l l ,  by t h e  way of  examples, desc r ibe  two of t h e s e  

programs i n  some d e t a i l .  

Let  me begin  wi th  t h e o r e t i c a l  a s t rophys ics .  Research i n  

t h e o r e t i c a l  a s t rophys ics  i s  be ing  c a r r i e d  o u t  a t  M . I . T .  both 

i n  t h e  Mathematics and t h e  Physics  Departments. 

For  a  number of yea r s  P ro fessor  C. C. Lin and h i s  group 

i n  t h e  Mathematics Department have been working a t  t h e  problem 

of  t h e  dynamics of  disk-shaped g a l a x i e s .  A s  I understand it, 

t h e  method i s  t o  t r e a t  s t a r s  a s  molecules of an i o n i z e d  gas 

r e p l a c i n g  t h e  g r a v i t a t i o n a l  f o r c e s  f o r  e l ec t romagne t i c  fo rces  

a s  t h e  agents  which determine t h e  c o l l e c t i v e  behavior  of t h i s  

medium. One of  t h e  impor tant  r e s u l t s  has  been t h e  p r e d i c t i o n  

of d e n s i t y  waves capable of e x p l a i n i n g  i n  a  very n a t u r a l  way 

t h e  s p i r a l  s t r u c t u r e  of g a l a x i e s .  A r e l a t e d  program, again  i n  



t h e  Mathematics Department, i s  t h a t  of P ro fessor  Hunter and 

Professor  Toomre, who have developed a  theory which exp la ins  

t h e  bending of t h e  g a l a c t i c  d i s k  a s  due t o  a  c l o s e  passage of 

t h e  Large Magellanic Cloud about  h a l f  a  b i l l i o n  yea r s  ago. 

A second t h e o r e t i c a l  program concerns the  s t r u c t u r e  and 

evo lu t ion  of s t a r s  and t h e  physics  of ma t t e r  i n  t h e  s t e l l a r  

i n t e r i o r .  P ro fessor  Iben and Professor  Rose of the  Physics 

Department a r e  a c t i v e  i n  va r ious  aspec t s  of t h i s  f i e l d ;  I s h a l l  

quote he re  only t h e  r e s u l t s  of one of t h e i r  i n v e s t i g a t i o n s .  

By comparing t h e  computed evo lu t ionary  development wi th  t h e  

observat ions  on t h e  temperature and luminosi ty of s t a r s  i n  

g lobu la r  c l u s t e r s ,  it i s  found t h a t  t h e  age of t h e  g lobu la r  

c l u s t e r s  i s  about  nine b i l l i o n  y e a r s ,  which i s  c o n s i s t e n t  wi th  

t h e  accepted value of t h e  Hubble cons tan t .  I t  i s  a l s o  found 

t h a t  about  t h i r t y  pe rcen t  of t h e  mat te r  i n  t h e  universe  i s  i n  

t h e  form of helium, which i s  c o n s i s t e n t  wi th  t h e  b i g  bang theory 

and wi th  the  3 O  K r a d i a t i o n  t h a t  appears t o  f i l l  t he  whole space 

with uniform d e n s i t y  . 
A t h i r d  l i n e  of research  i n  t h e o r e t i c a l  a s t rophys ics  i s  

t h a t  pursued by Professor  Morrison and Professor  S a r t o r i .  

E s s e n t i a l l y  t h e  aim of t h e i r  work has been t o  c o n s t r u c t  and 

develop phys ica l  models f o r  a  v a r i e t y  of observed c e l e s t i a l  

phenomena. X-ray emission from cosmic plasmas, evo lu t ion  of 

supernovae remnants, quasa r s ,  p u l s a t i n g  s t a r s  a r e  among them. 

of t h e  many new ideas  and of t h e  many r e s u l t s  t h a t  have come 
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o u t  of t h i s  work, I s h a l l  on ly  mention a  new g e n e r a l  t heo ry  o f  

supernovae,  which a p p l i e s  t o  supernovae of  bo th  type  I and type  

11, and which a f f o r d s  a  convinc ing  e x p l a n a t i o n  f o r  t h e  t i m e  

v a r i a t i o n  i n  t h e  l i g h t  emiss ion  from t h e s e  o b j e c t s .  

I n  a  group by themselves  a r e  some r e s e a r c h  a c t i v i t i e s  a iming 

a t  p r o v i d i n g  a  t e s t  o f  g e n e r a l  r e l a t i v i t y .  Among t h e s e  I should  

l i k e  t o  mention f i r s t  an exper iment  sugges t ed  by P r o f e s s o r  

S l ~ a p i r o ,  based  on a  p r e d i c t i o n  o f  g e n e r a l  r e l a t i v i t y ,  t o  t h e  

e f f e c t  t h a t  t h e  speed o f  l i g h t  depends on t h e  g r a v i t a t i o n a l  

p o t e n t i a l ,  d e c r e a s i n g  a s  t h e  l i g h t  r ay  approaches a  massive 

o b j e c t  (which i n c i d e n t a l l y  i s  t h e  o p p o s i t e  of  what happens t o  

a  beam o f  m a t e r i a l  p a r t i c l e s ) .  Measurements of  t h e  r a d a r  echoes 

of  Mercury and Venus, performed a t  t h e  Lincoln  Labora tory ,  d i d ,  

i n  f a c t ,  d e t e c t  t h i s  a d d i t i o n a l  de l ay  when t h e  r a d i o  waves passed  

i n  t h e  v i c i n i t y  o f  t h e  sun.  The magnitude of  t h e  de l ay  was 

found t o  a g r e e  w i t h  t h e  t h e o r e t i c a l  p r e d i c t i o n s .  

A second t e s t  o f  g e n e r a l  r e l a t i v i t y  i s  now b e i n g  planned 

j o i n t l y  by P r o f e s s o r  Shap i ro ,  P r o f e s s o r  Burke and o t h e r  members 

of  t h e  N . I . T .  r a d i o  astronomy group. The purpose o f  t h e  exper-  

iment  i s  t o  measure t h e  d e f l e c t i o n  of  r a d i o  waves from d i s t a n t  

sou rces  p a s s i n g  i n  t h e  v i c i n i t y  o f  t h e  sun .  

This  b r i n g s  us i n t o  t h e  f i e l d  of  r a d i o  astronomy which, 

under  t h e  d i r e c t i o n  o f  P r o f e s s o r  B a r r e t t  and P r o f e s s o r  Burke, 

i s  p a r t i c u l a r l y  a c t i v e  a t  M . I . T .  The r a d i o  astronomy program 

i n c l u d e s  o b s e r v a t i o n s  of  t h e  a b s o r p t i o n  and emiss ion  l i n e s  of  

B. B. Rossi  



t h e  OH r a d i c a l ,  of t h e  recombination l i n e s  of hydrogen, of  t h e  

i s o t r o p i c  3" K r ad ia t ion ,  a r i s i n g  supposedly from t h e  b i g  bang, 

of t h e  v a r i a b l e  q u a s i - s t e l l a r  r a d i o  sources .  The M. I .T.  group 

has played a key r o l e  i n  one of t h e  most ambitious and remarkable 

obse rva t iona l  programs of modern astronomy. I am r e f e r r i n g  t o  

i n t e r f e r o m e t r i c  measurements wi th  base l i n e s  of thousands of 

miles  which have been made p o s s i b l e  by t h e  development of h igh ly  

s t a b l e  atomic c locks .  A s  p a r t  of t h i s  program, r a d i o  s t a t i o n s  

have been opera ted  s imultaneously a t  t h e  Lincoln Laboratory of 

M . I . T . ,  t h e  Nat ional  Radio Astronomy Laboratory of Green Bank, 

t h e  Hat Creek Observatory of t h e  Univers i ty  of C a l i f o r n i a ,  and 

t h e  Chalmers Univers i ty  Observatory a t  Onsala, Sweden. The very 

l a r g e  s e p a r a t i o n  of t h e  s t a t i o n s  has provided angular  r e s o l u t i o n  

f a r  i n  excess  of t h a t  of o p t i c a l  t e l e scopes .  For example, s t u d i e s  

of t h e  OH regions  have demonstrated s t r u c t u r e s  of t h e  o r d e r  of  

1 / 1 0 0  second of a r c ,  and an unresolved component i n  t h e  quasa r  

3C273B has been shown t o  be s m a l l e r  than 1 / 2 0 0  second of a r c .  

Another major obse rva t iona l  program a t  M . I . T .  i s  x-ray 

astronomy. P rofessors  Clark,  Bradt ,  Overbeck, Lewin and Schnopper, 

among o t h e r s ,  a r e  engaged i n  d i f f e r e n t  a spec t s  of t h i s  program 

which inc ludes  ba l loon  obse rva t ions ,  rocke t  observat ions  and 

p r e p a r a t i o n s  f o r  f u t u r e  s a t e l l i t e  experiments.  Among t h e  r e s u l t s  

of t h e  ba l loon  programs I should l i k e  t o  mention t h e  obse rva t ions  

of time v a r i a t i o n s  i n  t h e  i n t e n s i t y  of s e v e r a l  x-ray sources .  

P a r t i c u l a r l y  s t r i k i n g  i n  t h i s  connect ion has been a temporary 
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f o u r - f o l d  i n c r e a s e  i n  t h e  i n t e n s i t y  o f  t h e  x-ray s t a r  Sco X - 1 ,  

which o c c u r r e d  d u r i n g  a  b a l l o o n  f l i g h t  l a s t  October .  The 

i n c r e a s e ,  which took p l a c e  i n  a  t ime  i n t e r v a l  o f  abou t  t e n  

minu te s ,  was fo l lowed by a  d e c r e a s e  w i t h  a  t i m e  c o n s t a n t  o f  

abou t  t h i r t y  minu te s ,  a  time sequence  r e m i n i s c e n t  o f  t h a t  

c h a r a c t e r i s t i c  o f  a  s o l a r  f l a r e  e x c e p t  t h a t  t h e  energy  i n v o l v e d  

b7as a t  l e a s t  a  m i l l i o n  t i m e s  g r e a t e r .  T h i s ,  i n c i d e n t a l l y ,  i s  

t h e  on ly  x-ray f l a r e  r e p o r t e d  s o  f a r .  

Emong t h e  r e s u l t s  o f  t h e  r o c k e t  program I s h a l l  on ly  men- 

t i o n  t h e  o b s e r v a t i o n  of  an  x-ray s o u r c e  c o i n c i d e n t  w i t h  t h e  

r a d i o  ga l axy  N-87. The same s o u r c e  was a l s o  observed  by D r .  

F r iedman ' s  group a t  t h e  Naval Research Labora to ry .  I t  i s  a  

v e r y  weak s o u r c e  and t h e  o b s e r v a t i o n s  a r e  t h e r e f o r e  p a r t i c u l a r l y  

d i f f i c u l t .  The f a c t  t h a t  t h e  r e s u l t s  of two independen t  groups 

a r e  c o n s i s t e n t  w i t h  one a n o t h e r  l e n d s  c o n s i d e r a b l e  s t r e n g t h  t o  

t h e  c o n c l u s i o n  t h a t  :4-87 i s  i n d e e d  an  x-ray s o u r c e .  Th i s  con- 

c l u s i o n  i s  p a r t i c u l a r l y  s i g n i f i c a n t  because ,  i n  my o p i n i o n ,  

M-87 i s  s o  f a r  t h e  on ly  e x t r a g a l a c t i c  x-ray s o u r c e  whose e x i s t e n c e  

nay b e  r ega rded  a s  w e l l  e s t a b l i s h e d .  

L a s t ,  b u t  c e r t a i n l y  n o t  l e a s t  on my l i s t ,  a r e  two r e s e a r c h  

programs concerned ,  r e s p e c t i v e l y ,  w i t h  t h e  s t u d y  o f  t h e  i n t e r -  

p l a n e t a r y  plasma and w i t h  t h e  d e t e c t i o n  o f  cosmic gamma r a y s .  

A l l  o f  t h e  programs t h a t  I have ment ioned a r e ,  t o  a  g r e a t e r  o r  

s m a l l e r  e x t e n t ,  r e l a t e d  t o  s p a c e  a c t i v i t i e s .  A l l  o f  them would 

d e s e r v e  much more t l ian t h e  few words I have s p e n t  on them. How- 
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e v e r ,  t h e  l a s t  two programs ho ld  a  s p e c i a l  p l a c e  because it 

was through them t h a t  space  r e s e a r c h  began a t  M. I .T .  some e i g h t  

o r  n i n e  y e a r s  ago. I n  f a c t ,  I shou ld  l i k e  t o  r e c a l l  t h a t  t h e  

f i r s t  two s a t e l l i t e s  whose i n s t r u m e n t a t i o n  was des igned  and 

b u i l t  h e r e  w e r e  the plasma probe Exp lo re r  X and t h e  gamma r ay  

s a t e l l i t e  Exp lo re r  X I ,  bo th  launched i n  t h e  s p r i n g  o f  1961. 

This  i s  one of  t h e  r easons  why we thought  t h a t  it might 

be a p p r o p r i a t e  t o  s i n g l e  o u t  t h e  s u b j e c t s  o f  i n t e r p l a n e t a r y  

plasma and gamma ray  astronomy f o r  a  more d e t a i l e d  p r e s e n t a t i o n .  

The o t h e r  r easons ,  I am s u r e ,  have become appa ren t  a f t e r  you 

h e a r d  about  t h e s e  s u b j e c t s  from P r o f e s s o r  Bridge and from 

P r o f e s s o r  Kraushaar .  
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A t  p r e s e n t  and f o r  t h e  f o r e s e e a b l e  f u t u r e ,  t h e  food which 

man w i l l  b e  e a t i n g  i n  space  must b e  t aken  a l o n g  w i t h  him. The 

e s t i m a t e s  o f  t h e  q u a n t i t i e s  of  foods r e q u i r e d  a r e  based  on recom- 

mended d i e t a r y  a l lowance.  I t  i s  n o t  g e n e r a l l y  r e a l i z e d  t h a t  

t h e s e  d i e t a r y  a l lowances  a r e  based  on a  very  l i m i t e d  amount o f  

d a t a  and a  l a r g e  amount of i gno rance .  To be  s u r e  o f  cove r ing  

t h e  needs of  n e a r l y  a l l  t h e  p o p u l a t i o n  and t o  a l low f o r  t h i s  

i gno rance ,  very  l a r g e  margins  of  s a f e t y  a r e  o f t e n  i n c l u d e d .  I n  

t h e  c a s e  of t h e  v i t amins  and mine ra l s  where t h e  take-a long  weight  

i s  s m a l l ,  i t  does n o t  m a t t e r  i f  t h e  e s t i m a t e s  a r e  two o r  t h r e e  

t i m e s  g r e a t e r  t h a n  t h e  r equ i r emen t s .  I n  t h e  c a s e  of  p r o t e i n ,  

where t h e  recommendations a r e  i n  exces s  o f  one gram o f  p r o t e i n  

p e r  k i l o  o f  body we igh t  p e r  day,  w e  need t o  know requi rements  

w i t h  much g r e a t e r  p r e c i s i o n .  

A s t u d y  t o  de te rmine  t h e  v a r i a t i o n  i n  t h e  p r o t e i n  r e q u i r e -  

ments o f  young men h a s  been completed i n  t h e  Department of 

N u t r i t i o n  and Food Sc ience .  One hundred M . I . T .  s t u d e n t s ,  i n  

groups o f  t e n ,  were p l a c e d  on a  d i e t  very  low i n  p r o t e i n  f o r  

15 days.  During t h e  f i r s t  few days on t h i s  d i e t ,  t hey  adapted  

maximally t o  it and the reby  reduced t h e i r  l o s s e s  of  p r o t e i n  from 

t h e  body t o  a  minimum. This  was measured by t h e  t o t a l  u r i n a r y  

and f e c a l  n i t r o g e n  d u r i n g  t h e  l a s t  few days of  t h e  s t u d y .  Allow- 

ances  w e r e  made f o r  i n t egumen ta l  and sweat  l o s s e s ,  e n a b l i n g  us  

t o  de te rmine  t h e  range  i n  p r o t e i n  requi rements  under  t h e  condi-  



t i o n s  of o r d i n a r y  l i v i n g .  I t  t u r n e d  o u t  t h a t  t h e  average  

requi rement  i s  c o n s i d e r a b l y  less t h a n  one gram of p r o t e i n  p e r  

k i l o  of  body weight ;  i n  f a c t ,  j u s t  under  0.38 o f  a gram of 

p r o t e i n  o f  t h e  q u a l i t y  of  t h a t  i n  egg and mi lk .  Moreover, a 

range o f  0.28 o f  a gram t o  0.48 o f  a gram of  p r o t e i n  w i l l  cover  

t h e  needs of  n e a r l y  a l l  o f  t h e  popu la t ion .  

Thus, i t  i s  now p o s s i b l e  t o  t h i n k  i n  t e r m s  of  a b a s i c  

requi rement  o f  perhaps h a l f  of  t h e  amount o f  p r o t e i n  c u r r e n t l y  

recommended and, i f  t h e  a s t r o n a u t s  w e r e  c a r e f u l l y  s e l e c t e d ,  

perhaps a s  l i t t l e  a s  o n e - t h i r d  o f  t h e  amounts now cons ide red  

necessa ry .  Unfo r tuna te ly ,  t h e  s i t u a t i o n  i s  compl ica ted  by t h e  

f a c t  t h a t  t h e r e  a r e  a number o f  f a c t o r s  t o  which a s t r o n a u t s  a r e  

exposed which t end  t o  i n c r e a s e  t h e i r  p r o t e i n  requi rements .  

During m i l l e n n i a  p r i m i t i v e  man had t o  respond t o  dangerous 

s i t u a t i o n s ,  even on an empty stomach, by f i g h t i n g  o r  running  

away, I n i t i a l l y ,  ep inephr ine  s e c r e t e d  by t h e  a d r e n a l  medulla 

under  t h e  s t imu lus  o f  t h e  autonomic nervous s y s  t e m  a c c e l e r a t e s  

t h e  breakdown o f  l i v e r  glycogen t o  g lucose .  Once t h e  immediately 

a v a i l a b l e  glycogen s t o r e s  i n  t h e  l i v e r  have been u t i l i z e d ,  how- 

e v e r ,  t h e  mechanism which f a s t i n g  animals  and man have evolved  

t o  a s s u r e  t h e  necessa ry  energy t o  meet such demands i s  t h e  so- 

c a l l e d  stress mechanism whereby hormones from t h e  a n t e r i o r  

p i t u i t a r y  g l and  s t i m u l a t e  an i n c r e a s e  i n  g l u c o c o r t i c o i d  hormone 

from t h e  a d r e n a l  c o r t e x .  This  i n  t u r n  s t i m u l a t e s  t h e  r e l e a s e  

of amino a c i d s  from t h e  muscle which pass  i n t o  t h e  b lood  stream, 
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a r e  taken up by t h e  l i v e r ,  and can be used by t h e  l i v e r  t o  make 

glucose.  I n  s y n t h e s i z i n g  g lucose ,  however, t h e  n i t r o g e n  of t h e  

amino a c i d  molecule i s  unused and appears i n  t h e  u r i n e  as  an 

i n c r e a s e  i n  t h e  u rea  e x c r e t i o n .  

I t  was n o t  necessary t o  send M.I .T .  s t u d e n t s  i n t o  space i n  

o r d e r  t o  s tudy t h e  e f f e c t s  of t h e  stress r e a c t i o n  on p r o t e i n  

requirements .  A l l  t h a t  was requ i red  was very c a r e f u l  metabolic  

s t u d i e s  dur ing  f i n a l  examinat ions.  The r e s u l t s  ~f  s tudying some 

30 undergraduates can be summarized a s  i n d i c a t i n g  t h a t  i n  about  

one- th i rd  of t h e  s t u d e n t s  t h e r e  was a  s i g n i f i c a n t  s t r e s s  response 

throughout t h e  read ing  pe r iod  and t h e  f i n a l  examination p e r i ~ d  

which r e s u l t e d  i n  a d d i t i o n a l  n i t r o g e n  l o s s e s  of ken t o  twenty 

p e r c e n t  and a corresponding i n c r e a s e  i n  p r o t e i n  requirements a t  

t h e  t i m e  and dur ing  t h e  time t h e r e a f t e r  t o  make up t h e  l o s s e s  

which had been s u s t a i n e d  dur ing  t h e  s t r e s s .  For ano the r  t h i r d  

of t h e  s t u d e n t s ,  s t r e s s  responses were apparent  on i n d i v i d u a l  

days, b u t  were compensated f o r  on o t h e r  days s o  t h a t  t h e r e  was 

no n e t  l o s s  of n i t r o g e n  and hence no n e t  i n c r e a s e  i n  p r o t e i n  

requirement.  The f i n a l  t h i r d ,  presumably those  v a l i a n t  i n d i v i d u a l s  

from among whom f u t u r e  a s t r o n a u t s  w i l l  be r e c r u i t e d ,  showed no 

s t r e s s  response whatever dur ing  t h e  examination pe r iod .  

There i s ,  however, a  source  of s t r e s s  t o  which a l l  succumbed 

and t h a t  was t h e  n e c e s s i t y  of  performing u s e f u l  work wi thout  s l e e p .  

During t h e  f i r s t  day wi thout  s l e e p ,  everyone adqpted q u i t e  w e l l .  
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But,  t h e  second day w i t h o u t  s l e e p ,  when t h e  s i x  s t u d e n t  volun- 

t e e r s  w e r e  expec ted  t o  con t inue  performing u s e f u l  t a s k s ,  stress 

was e v i d e n t .  The r e s u l t  was an i n c r e a s e d  u r i n a r y  n i t r o g e n  l o s s  

and t h e r e f o r e  an i n c r e a s e d  p r o t e i n  requi rement .  

The s u b j e c t i v e  consequences o f  a  r e v e r s a l  of  n i g h t  and day 

a s s o c i a t e d  w i t h  prolonged East-West t r a v e l  a r e  recognizably  

d i s t u r b i n g .  W e  a r r anged  f o r  a  complete r e v e r s a l  o f  t h o  day/n ight  

c y c l e s  of  1 9  M . I . T .  s t u d e n t s  s o  t h a t  i n s t e a d  o f  b r e a k f a s t  a t  

8 o 'c loclc  i n  t h e  morning, i t  was s e r v e d  a t  8 o ' c l o c k  a t  n i g h t .  

Lunch was e a t e n  a t  1 2 :  30 a.m. and d i n n e r  was a t  6:00 a.m. S l e e p  

and a c t i v i t y  were r e a d j u s t e d  acco rd ing ly .  The f i r s t  day w i t h o u t  

s l e e p ,  du r ing  which t h e  r e v e r s a l  was t a k i n g  p l a c e ,  was a g a i n  

w e l l  handled  by t h e  s t u d e n t s .  On t h e  second day, however, a  

s i g n i f i c a n t  s t r e s s  response  was observed which g r a d u a l l y  t a p e r e d  

o f f  du r ing  t h e  ensu ing  f o u r  o r  f i v e  days.  When they  were r e t u r n e d  

t o  a  normal day/n ight  c y c l e  t h e  stress response  aga in  occur red  

i n  t h e  same manner. 

P r o f e s s o r  Richard Wurtman of  t h e  Department of  N u t r i t i o n  

and Food Sc ience  i s  i n t e r e s t e d  i n  t h e  i m p l i c a t i o n s  of i n t e r f e r e n c e  

wi th  t h e  e x t e r n a l  s t i m u l i  c o o r d i n a t i n g  d i u r n a l  i n t e r n a l  rhythms. 

I n d i v i d u a l  organs  such a s  t h e  k idney ,  t h e  a d r e n a l  c o r t e x ,  and 

t h e  l i v e r  show d i u r n a l  p a t t e r n s  of  p h y s i o l o g i c a l  a c t i v i t y .  These 

p a t t e r n s  a r e  synchronized  by t h e  c y c l e s  of  s l e e p  and a c t i v i t y  

and l i g h t  and dark t o  which w e  have become adapted .  P r o f e s s o r  

Wurtman" l a b o r a t o r y  has  observed t h a t  when r a t s  a r e  dep r ived  o f  
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t h e s e  e x t e r n a l  c y c l i c  s t i m u l i ,  t h e s e  va r ious  i n t e r n a l  rhythms 

go o u t  of synchroniza t ion .  He b e l i e v e s  t h a t  t h e  l o s s  of coordi-  

n a t i o n  may have adverse e f f e c t s  on. performance. 

P ro fessor  Wurtman has a l s o  demonstrated t h a t  t h e r e  a r e  

rhythms i n  t h e  way t h a t  t h e  body u t i l i z e s  food. I n  t h e  r a t ,  

which i s  a  noc tu rna l  f e e d e r ,  t h e  a c t i v i t y  of t y r o s i n e  transamin- 

a s e ,  an impor tant  enzyme i n  t h e  l i v e r ,  i s  a t  i t s  peak dur ing  

t h e  n i g h t  hours ,  and i s  a t  a  low ebb dur ing  t h e  daytime hours.  

This  sugges t s  t h a t  i f  a  r a t  were confronted wi th  a  s i z e a b l e  

amount of  d i e t a r y  t y r o s i n e  dur ing  t h e  daytime, it might n o t  

u t i l i z e  t h i s  amino a c i d  as  w e l l  a s  it would dur ing  t h e  n i g h t .  

These s t u d i e s  have a l ready  been extended t o  human vo lun tee r s  

and Professor  Wurtman has observed marked rhythms i n  t h e  l e v e l s  

of t h e  e s s e n t i a l  amino a c i d s  i n  blood plasma and i n  c e r t a i n  of 

t h e  key enzymes even i n  f a s t i n g  s u b j e c t s .  

The a c t i v i t i e s  of t h e  a s t r o n a u t s  involve  a  c e r t a i n  amount 

of necessary p h y s i c a l  work f o r  maintenance of both t h e  mission 

and t h e i r  own ca rd iovascu la r  and muscle tone.  Although it has 

long been s t a t e d  t h a t  t h e r e  i s  no inc reased  p r o t e i n  requirement 

f o r  muscular work, r e c e n t  s t u d i e s  i n  Japan and i n  Germany have 

i n d i c a t e d  t h a t  i n d i v i d u a l s  consuming adequate p r o t e i n  f o r  o rd i -  

nary a c t i v i t i e s  show a  l o s s  i n  l e a n  body mass, a  decrease  i n  

serum albumin and hemoglobin when they perform heavy muscular 

work on t h e  same p r o t e i n  i n t a k e s .  We have r e i n v e s t i g a t e d  t h i s  

problem by cond i t ion ing  young men t o  be a b l e  t o  walk f o r  two 
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hours a  day on a  t r e a d m i l l  a t  four  mph on a  t e n  pe rcen t  grade. 

This  i s  beyond t h e  p h y s i c a l  c a p a c i t y  of most u n i v e r s i t y  s t u d e n t s  

wi thout  a  p r i o r  t r a i n i n g  pe r iod  and involves  t h e  expendi ture  of 

an a d d i t i o n a l  1 , 0 0 0  c a l o r i e s .  A l e v e l  of p r o t e i n  i n t a k e  adequate 

f o r  t h e  i n d i v i d u a l s  when they were n o t  working and i n  t h e  range 

mentioned e a r l i e r  was found t o  r e s u l t  i n  some decrease  i n  l e a n  

body mass, albumin, and hemoglobin over  a  pe r iod  of 4 4  days. 

The e f f e c t  was n o t  due, however, t o  an i n c r e a s e  i n  n i t r o g e n  

e x c r e t i o n  i n  t h e  u r i n e ,  a s  would be  t h e  case  i f  it r e s u l t e d  from 

inc reased  p r o t e i n  needs f o r  t h e  muscular work -- p e r  s e ,  b u t  could 

be accounted f o r  almost  e n t i r e l y  by t h e  inc reased  sweat l o s s e s .  

These i n d i v i d u a l s  l o s t  from a  minimum of 1 1 0 0  m l  f o r  a  s t u d e n t  

from F l o r i d a ,  t o  1 6 0 0  m l  dur ing  t h e s e  two hours of work even 

though they wore minimal c l o t h i n g  and were i n  a  cool  environment. 

Other s t u d e n t s  and our  own d i r e c t  measurements of t h e  n i t rogen  

con ten t  of sweat i n d i c a t e  t h a t  under t h e s e  maximum sweating con- 

d i t i o n s  sweat con ta ins  about 0.7 mil l igrams of n i t r o g e n  p e r  

m i l l i l i t e r .  This can r e s u l t  i n  a  s i z e a b l e  cumulative sweat l o s s  

of n i t r o g e n ,  thereby adding t o  t h e  requirement f o r  p r o t e i n  t o  

r e p l a c e  it. 

Considerable l o s s e s  of  body weight  due t o  water  l o s s e s  have 

been r e p o r t e d  wi th  most of t h e  space missions s o  f a r .  Many con- 

d i t i o n s  tend t o  i n c r e a s e  t h e  sweat l o s s  of a s t r o n a u t s ,  i n c l u d i n g  

t h e  n e c e s s i t y  of doing work i n  a  confined space ,  t h e  hampering 

e f f e c t s  of a  space s u i t ,  t h e  reduced p a r t i a l  p ressure  of t h e  
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cabin  atmosphere, and i n  t h e  p a s t ,  imperfec t  temperature c o n t r o l ,  

and t h e  l i k e .  The p o t e n t i a l  sweat l o s s e s  of a s t r o n a u t s  w i l l  

obviously have t o  be taken very s e r i o u s l y  i n t o  cons ide ra t ion  

i n  computing p r o t e i n  requirements .  

A l o g i c a l  way of mainta in ing body tone i n  a  conf ined env i r -  

onment i s  through i s o m e t r i c  e x e r c i s e s .  Such e x e r c i s e s ,  which 

c o n s i s t  of pushing o r  p u l l i n g  a g a i n s t  a  f i x e d  o b j e c t ,  a r e  capable 

of b u i l d i n g  muscles and a l s o  of mainta in ing good body tone ,  We 

were s u r p r i s e d  t o  f i n d ,  however, t h a t  when we s u b s t i t u t e d  two 

45-minute pe r iods  of i n t e n s e  i s o m e t r i c  e x e r c i s e  f o r  two hours 

of dynamic work i n  i n d i v i d u a l s  on a  r e l a t i v e l y  low p r o t e i n  i n t a k e ,  

t h e r e  was a  d e t e r i o r a t i o n  i n  t h e i r  performance when they were 

p e r i o d i c a l l y  r e t e s t e d  on t h e  t r e a d m i l l .  We monitored l ean  body 

mass by count ing  whole body potassium i n  t h e  M. I .T .  whole body 

counter  i n  t h e  Physics  Department of  P ro fessor  Robley Evans. The 

animal body has a  smal l  amount of n a t u r a l l y  occurr ing  i s o t o p e  of 

potassium which can be measured with a p p r o p r i a t e l y  s e n s i t i v e  

equipment, The r a t i o  of t h e  i s o t o p e  ( K 4 0 )  t o  t h e  remainder of 

t h e  potassium i n  t h e  body i s  f i x e d  and, under normal cond i t ions ,  

t h e  r e l a t i o n s h i p  of potassium t o  c e l l  mass i s  c o n s t a n t .  But i n  

t h i s  case ,  we observed from t h e  whole body counting t h a t  t h e r e  

was a  l o s s  of potassium n o t  accounted f o r  by measuring l e a n  

body mass through another  method, t h e  d i l u t i o n  w i t h i n  t h e  body 

of a  smal l  dose of deuterium. The problem i s  s t i l l  under inves-  

t i g a t i o n ,  b u t  i t  appears  t h a t  toward t h e  end of t h e  i s o m e t r i c  

c o n t r a c t i o n ,  which i n  t h e s e  s t u d i e s  was s u s t a i n e d  f o r  30 seconds, 
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t h e r e  i s  a leakage of potassium from t h e  c e l l .  Some of t h i s  

potassium i s  excre ted  by t h e  kidney be fo re  recovery can occur.  

Thus, t h e r e  i s  smal l  b u t  cumulative l o s s  of p r o t e i n  which even- 

t u a l l y  has a  measurable e f f e c t .  Cer ta in ly  i f  i s o m e t r i c  e x e r c i s e  

i s  combined wi th  minimum p r o t e i n  i n t a k e s ,  t h e  a v a i l a b i l i t y  of 

potassium w i l l  have t o  be taken i n t o  account i n  planning f o r  

t h e  use of t h i s  type of e x e r c i s e  on space f l i g h t s .  

Let me t u r n  now t o  a  b r i e f  cons ide ra t ion  of some of t h e  

problems a s s o c i a t e d  wi th  food f o r  use i n  space .  A t  t h e  p r e s e n t  

time most of t h e  food i s  d r i e d ,  much of it f reeze -d r ied .  This  

i s  s a t i s f a c t o r y  f o r  missions of even reasonably long dura t ion ,  

b u t  when t h e  t r i p  extends from weeks i n t o  many months and y e a r s ,  

and when food must be s t o r e d  under cond i t ions  of a  space capsule  

o r  a  f i x e d  p lane ta ry  base f o r  long per iods  of t ime,  t h e r e  i s  a 

gradual  l o s s  of v o l a t i l e  subs tances  from t h e  food. These vola- 

t i l e  m a t e r i a l s  c a r r y  wi th  them odor and f l a v o r ,  r e s u l t i n g  i n  a  

l o s s  of p a l a t a b i l i t y  of t h e  food. Moreover, t h e r e  is  a passage 

i n t o  t h e  atmosphere of v o l a t i l e  m a t e r i a l s  of t h e  capsule  from 

some of t h e  s t r u c t u r a l  m a t e r i a l s .  These come i n t o  equ i l ib r ium 

wi th  t h e  food. While t h i s  could be prevented by us ing  meta l  cans 

i n s t e a d  of  p l a s t i c  c o n t a i n e r s ,  t h e  weight  r equ i red  would be exces- 

s i v e .  These t r a c e  m a t e r i a l s  from food and s t r u c t u r a l  m a t e r i a l  

such as  p l a s t i c i z e r s  n o t  only i n t e r f e r e  wi th  food p a l a t a b i l i t y  

b u t  more impor tant ly ,  may accumulate un less  t h e r e  a r e  s p e c i f i c  

mechanisms f o r  t h e i r  removal. These v o l a t i l e  subs tances  a r e  

p r e s e n t  i n  such i n c r e d i b l y  smal l  q u a n t i t i e s  t h a t  t h e  methodology 
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i s  d i f f i c u l t .  P ro fessor  P h i l l i p  Issenberg  i n  t h e  Department 

of N u t r i t i o n  and Food Science i s  us ing  mass spectrometry and 

gas chromatography t o  exp lo re  t h e s e  phenomena. 

Dried foods p r e s e n t  ano the r  problem. I t  has  long been 

known t h a t  when t h e  mois ture  con ten t  r i s e s  above a  c e r t a i n  Bevel, 

non-enzymatic browning occurs  which i n t e r f e r e s  wi th  t h e  a v a i l -  

a b i l i t y  of c e r t a i n  of t h e  amino a c i d s .  This reduces t h e  q u a l i t y  

of t h e  p r o t e i n .  I t  would seem simple t o  avoid t h i s  problem by 

keeping t h e  moisture con ten t  low, b u t  P ro fessor  Marcus Karel 

has r e c e n t l y  demonstrated t h a t  wi th  verylow l e v e l s  of moisture 

i n  d r i e d  foods another  undes i rab le  r e a c t i o n  occurs--the ox ida t ion  

of f a t .  The mois ture  concen t ra t ion  a t  which t h i s  occurs  v a r i e s  

wi th  t h e  n a t u r e  of t h e  food. I t  i s  usua l ly  i n  t h e  range of one 

t o  two pe rcen t ,  b u t  f o r  d i f f e r e n t  food systems t h e r e  a r e  d i f f e r -  

e n t  optimum moisture ranges t o  avoid both  of t h e s e  undes i rab le  

r e a c t i o n s .  

I mentioned e a r l i e r  t h e  p o s s i b i l i t y  of reducing t h e  weight  

of p r o t e i n  which must be taken a long.  But, t h e r e  s t i l l  i s  t h e  

problem of  t h e  weight  of t h e  food needed t o  supply c a l o r i e s .  

I f  t h e  c a l o r i e s  a r e  t o  be supp l i ed  from carbohydrates  and pro- 

t e i n ,  wi th  a  c a l o r i c  concen t ra t ion  of four  c a l o r i e s  p e r  gram, 

then  about  a  pound of food p e r  day man must be taken a long.  I f  

t h e s e  c a l o r i e s  could be  supp l i ed  from f a t ,  wi th  a  c a l o r i c  con- 

c e n t r a t i o n  of n ine  c a l o r i e s  p e r  gram, t h e  amount of food re -  

qu i red  would obviously be l e s s  than  h a l f .  The amount of f a t  
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t h a t  can be supp l i ed  i n  t h e  d i e t  i s  l i m i t e d ,  however, by t h e  

f a c t  t h a t  when f a t  r e p r e s e n t s  an excess p ropor t ion  of t o t a l  

c a l o r i e s  ketone bodies a r e  produced which, i n  t u r n ,  have a 

t o x i c  e f f e c t  and would i n t e r f e r e  wi th  t h e  performance of t h e  

i n d i v i d u a l .  P ro fessor  Sanford M i l l e r  i n  t h e  Department of 

N u t r i t i o n  and Food Science has been exp lo r ing  a group of new 

compounds which do n o t  occur i n  n a t u r e .  They can be syn thes ized  

from petroleum hydrocarbons and have a c a l o r i c  d e n s i t y  c l o s e  

t o  t h a t  of f a t ,  seven o r  e i g h t  c a l o r i e s  p e r  gram. Thei r  remark- 

a b l e  c h a r a c t e r i s t i c  i s  t h a t  they a r e  harmless ly  metabolized 

through carbohydrate pathways. He i s  a b l e  t o  feed  an exper i -  

mental animal a maximum amount of f a t  t o  t h e  p o i n t  where ketone 

bodies would be produced, and then s u b s t i t u t e  t h e  remaining 

c a l o r i e s  i n  t h e  d i e t  by one of t h e s e  compounds wi thout  i n c r e a s -  

i n g  t h e  ketones o r  slowing growth. 

The compound most s t u d i e d  i s  1, 3-butanediol .  There i s  

no reason why t h i s  could n o t  be used as  a c a l o r i e  source  i n  

human d i e t s ,  except  t h a t  i t  t a s t e s  something l i k e  Campari, t h e  

b i t t e r  I t a l i a n  l i q u e u r .  Since t h i s  p a r t i c u l a r  compound obviously 

w i l l  be n o t  be acceptable  i n  l a r g e  q u a n t i t i e s  a s  a d i e t a r y  s t a p l e ,  

P ro fessor  M i l l e r  i s  con t inu ing  t h e  resea rch  t o  f i n d  a d d i t i o n a l  

compounds i n  t h i s  family,  hoping t o  f i n d  one which w i l l  combine 

c a l o r i c  d e n s i t y  and h igh p a l a t a b i l i t y .  

There w i l l  f i n a l l y  come a time when take-along food w i l l  

n o t  be s u f f i c i e n t ,  and t h e r e  w i l l  need t o  be a r egenera t ion  of 
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was te  m a t e r i a l s  t o  p rov ide  p a r t  o f  t h e  food. When t h e  t ime 

comes, it seems l i k e l y  t h a t  t h i s  w i l l  have t o  be  done through 

s i n g l e - c e l l  organisms.  This  i s  n o t  a s  r a d i c a l  a s  it sounds 

because w e  have been u s i n g  t h e  s i n g l e  cells  o f  food y e a s t  f o r  

more t h a n  50  y e a r s .  S e v e r a l  m i l l i o n  pounds o f  food y e a s t  go 

i n t o  baby foods i n  t h e  United S t a t e s .  The p r i n c i p a l  d i f f i c u l t y  

w i t h  t h e  s i n g l e  c e l l s ,  however, which w e  have been a c t i v e l y  

e x p l o r i n g  h e r e  a t  >l.I .T. ,  i s  t h a t  r a p i d l y  growing c e l l s  have 

a  r e l a t i v e l y  h igh  c o n c e n t r a t i o n  o f  n u c l e i c  a c i d  a s  an i n h e r e n t  

c h a r a c t e r i s t i c .  P a r t  o f  t h e  n u c l e i c  a c i d  molecule i s  made up 

of  p u r i n e  which must be metabol ized  t o  u r i c  a c i d  r a t h e r  t han  

u r e a .  Man and h i s  f e l l o w  p r i m a t e s ,  a long  w i t h  t h e  Dalmatian 

coach dog, l a c k  t h e  enzyme u r i c a s e  t o  break  down t h e  r e l a t i \ - e l y  

i n s o l u b l e  u r i c  a c i d  t o  t h e  more s o l u b l e  a l l a n t o i n .  Consequent ly ,  

when f o r  e i t h e r  g e n e t i c  o r  d i e t a r y  r e a s o n s ,  l e v e l s  o f  u r i c  a c i d  

i n  t h e  b lood  become h i g h ,  t h e r e  i s  danger  t h a t  u r i c  a c i d  c r y s t a l s  

w i l l  be  d e p o s i t e d  i n  t h e  j o i n t s ,  g i v i n g  r i se  t o  gouty a r t h r i t i s ,  

o r  i n  t h e  k idneys ,  caus ing  kidney s t o n e s .  Both a r e  obvious ly  

h i g h l y  u n d e r s i r a b l e  f o r  a s t r o n a u t s  . 
I t  i s  c l e a r  from t h e  i n v e s t i g a t i o n s  t o  d a t e  t h a t  e i t h e r  

t h e  amount o f  s i n g l e - c e l l  p r o t e i n  al lowed i n  t h e  d i e t s  w i l l  have 

t o  be  r e s t r i c t e d ,  o r  a  way w i l l  have t o  be  found o f  t r e a t i n g  i t  

s o  t h a t  t h e  p u r i n e  c o n t e n t  w i l l  be  reduced.  I n  t h e  meantime, 

o u r  s t u d i e s  w i t h  M.I .T .  s t u d e n t s  have i n d i c a t e d  o c c a s i o n a l  i n d i -  

N. S. Scrimshaw 



vidua l s  who, f o r  g e n e t i c  reasons ,  have r e l a t i v e l y  high u r i c  

blood l e v e l s  even when consuming normal d i e t s .  I t  i s  q u i t e  

c l e a r  t h a t  t h e s e  i n d i v i d u a l s  should be screened o u t  of any 

program involving prolonged i s o l a t i o n  i n  space .  

I would emphasize two conclusions a t  t h i s  p o i n t .  I t  should 

be obvious t h a t  a l l  of  t h e s e  i n v e s t i g a t i o n s ,  whi le  capable of 

making important  c o n t r i b u t i o n s  t o  space e x p l o r a t i o n ,  have equa l ly  

important  a p p l i c a t i o n s  t o  t h e  s o l u t i o n  of man's food problems 

he re  on e a r t h .  

I t  should a l s o  be c l e a r  t h a t  t h e r e  a r e  s t i l l  a  l a r g e  number 

of b i o l o g i c a l  problems a s s o c i a t e d  wi th  man's expected prolonged 

presence i n  space.  Many of t h e s e  a r e  a t  p r e s e n t  only dimly per- 

ce ived and hence t h e  resea rch  t o  overcome them cannot  be c e n t r a l l y  

programmed. Poss ib le  b i o l o g i c a l  problems of  man i n  space must 

be explored  i n  an imaginat ive  and s o p h i s t i c a t e d  way. The i n s t i -  

t u t i o n a l  g r a n t  from NASA t o  M.I .T.  has  proved an e f f e c t i v e  

mechanism f o r  s t i m u l a t i n g  such r e s e a r c h ,  
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One of t h e  most en l igh tened  and, I b e l i e v e ,  e x c i t i n g  condi- 

t i o n s  agreed t o  between NASA and M. I .T .  i n  e s t a b l i s h i n g  t h e  

Center  f o r  Space Research was one t h a t  c a l l e d  f o r  t h e  s o c i a l  

sc iences  t o  be inc luded a s  an i n t e g r a l  p a r t  of t h e  Center .  The 

genera l  charge i n  t h e  Memorandum of Understanding was t h a t :  

". . . resea rch  i s  t o  be encouraged on ways and means t o  expand 

t h e  sea rch  f o r  u s e f u l  a p p l i c a t i o n s  and on t h e  economic and 

s o c i a l  impact of our  n a t i o n a l  involvement i n  space exp lo ra t ion . ' "  

The charge was s u f f i c i e n t l y  broad t o  al low resea rch  i n  a r e a s  

of e x i s t i n g  and planned emphasis i n  t h e  r a p i d l y  growing s o c i a l  

sc iences  a t  M.I .T .  ( i n c i d e n t a l l y ,  l a r g e r  and of h i g h e r  q u a l i t y  

than  i s  y e t  genera l ly  r e a l i z e d  o u t s i d e  t h e  s o c i a l  sc ience  

f r a t e r n i t y )  , b u t  n e v e r t h e l e s s  c l e a r  enough t o  encourage new 

depar tu res  i n  d i r e c t i o n s  of d i r e c t  i n t e r e s t  t o  t h e  space program. 

For t h e  f i r s t  s e v e r a l  y e a r s ,  t h e  s o c i a l  sc ience  research  

supported by t h e  Center ,  though concerned with m u l t i d i s c i p l i n a r y  

s u b j e c t s ,  was c a r r i e d  o u t  w i t h i n  t r a d i t i o n a l  s o c i a l  s c i e n c e  

departments ,  be ing d iv ided  between t h e  management sc iences  and 

p o l i t i c a l  sc ience .  More r e c e n t l y ,  a s  I s h a l l  mention b r i e f l y  

l a t e r ,  we have begun t o  exp lo re  ways of b r i n g i n g  t o g e t h e r  

e f f e c t i v e  resources  from both t h e  n a t u r a l  and s o c i a l  sc iences  

t o  s tudy problems of p a r t i c u l a r  s o c i a l  concern. 

The major i ty  of  t h e  s o c i a l  s c i e n c e  resea rch  supported by 

t h e  Center  has  been concent ra ted  i n  two broad a reas :  1) t h e  



process by which technology from l a r g e  s c a l e  government R & D 

i s  d i f f u s e d  i n t o  t h e  economy, and 2 )  t h e  impact of t h e  space 

program on i n t e r n a t i o n a l  r e l a t i o n s  wi th  s p e c i a l  a t t e n t i o n  t o  

t h e  formula t ion  of American f o r e i g n  po l i cy .  Other  work i n  both 

management and p o l i t i c a l  a r e a s  was supported i n  p a r t  by t h e  

Center ,  b u t  these  were t h e  main themes and t h e  ones I propose 

t o  r e p o r t  on today. 

Let  me t ake  t h e  work i n  t h e  management sc iences  f i r s t .  

I n  September 1964, a  r e sea rch  program was i n i t i a t e d  a t  t h e  M.I .T .  

Sloan School of Management t o  seek b e t t e r  understanding of t h e  

t e c h n i c a l  innova to r  and of h i s  r o l e  i n  t r a n s f e r r i n g  technology 

from government-sponsored R & D e f f o r t s  o u t  i n t o  t h e  i n d u s t r i a l  

and consumer marketplace. The program has been d i r e c t e d  by 

Professor  Edward B. Roberts.  

The focus of t h e  resea rch  has been d iv ided  between s t u d i e s  

of 1) t h e  c r e a t i o n  of new product  ventures  and new technology 

d i v i s i o n s  i n  e x i s t i n g  companies, and 2 )  t h e  c r e a t i o n  of - new 

companies by en t repreneurs  seeking t o  e x p l o i t  t echno log ica l  

advances, t h e  two a r e a s  be ing  i d e n t i f i e d  a s  " i n t e r n a l  e n t r e -  

preneurship"  and "spin-off  en t repreneursh ip . "  The " sp in -o f f "  

l a b e l  r e f e r s  t o  t h e  f a c t  t h a t  t h e  t e c h n i c a l  b a s i s  of t h e  new 

company o f t e n  s p i n s  o u t  wi th  t h e  en t repreneur  from some o t h e r  

e x i s t i n g  o rgan iza t ion .  To d a t e  most of t h e  resea rch  e f f o r t s  

have been d i r e c t e d  a t  t h e  l a t t e r  a r e a  of - new e n t e r p r i s e  formation 

and growth. 
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During t h e  p a s t  four  y e a r s ,  P ro fessor  Roberts has i n v e s t i -  

ga ted  over  200 companies founded by ex-employees of s e v e r a l  

M.I .T.  l a b o r a t o r i e s  and academic departments ,  of a  government 

l a b o r a t o r y ,  of a  n o t - f o r - p r o f i t  co rpora t ion ,  and of  an i n d u s t r i a l  

e l e c t r o n i c  systems c o n t r a c t o r .  Of t h e s e ,  four  M . I . T .  l a b s  alone 

were found t o  have produced 1 0 5  new companies, and four  M,I.T. 

eng inee r ing  departments have spun o f f  an a d d i t i o n a l  50 companies, 

The performance records  of t h e s e  f i rms c e r t i f y  t h a t  most 

of them a r e  genera l ly  s u c c e s s f u l .  A s  a  minimum s ta tement ,  they 

seldom f a i l ;  only  about  20 p e r c e n t  have gone o u t  of bus iness  

dur ing  t h e i r  average four  t o  f i v e  yea r s  of e x i s t e n c e  thus  f a r .  

Although t h e  t y p i c a l  company i s  s t i l l  smal l ,  t h e  growth curve 

of t o t a l  c u r r e n t  s a l e s  of a l l  t h e s e  sp in-off  companies cl-osely 

p a r a l l e l s  t h e  growth i n  t o t a l  b i l l i n g s  of t h e  founding organi-  

z a t i o n s  from which they have spun o f f  wi th  an average delay of 

about  s i x  y e a r s .  

I t  i s  worth no t ing  t h a t  most of t h e  companies s t u d i e d  had 

t h e i r  s t a r t  a s  government c o n t r a c t o r s  o r  i n  s e l l i n g  products  

t o  t h e  defense/space markets.  However, a t  t h e  p r e s e n t  s t a g e  

of company development--and remember, t h e  companies averaged 

only f o u r  t o  f i v e  yea r s  of age when studied--an average of 40 

p e r c e n t  of t h e  bus iness  of t h e  M . I . T .  s p i n  o f f s  comes from the 

commercial market. This tendency toward non-government s a l e s  

i n c r e a s e s  s i g n i f i c a n t l y  dur ing  each y e a r  of company h i s t o r y ,  
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t h e  most s u c c e s s f u l  companies i n  p a r t i c u l a r  making s p e c i a l  

e f f o r t s  t o  l e s s e n  t h e i r  dependence upon t h e  government. 

An impor tant  c h a r a c t e r i s t i c  of t h e  advanced technology 

markets served by t h e  sp in-off  companies s t u d i e d  i s  t h a t  t h e  

Federa l  government's r o l e  a s  a  customer provides t h e  c a t a l y s t  

needed, Defense/space requirements f o r  high t e c h n i c a l  performance 

provide suppor t  funds be fo re  t h e  o therwise  high p r i c e s  r equ i red  

by t h e  advanced technologies  would be  j u s t i f i e d  by i n d u s t r i a l  

o r  consumer markets.  Yet once moving wi th  t h e  s t imulus  of  t h e  

i n i t i a l  government market t h e  new technologica l ly-based company 

seems a b l e  t o  p e n e t r a t e  i n t o  new a r e a s  of a p p l i c a t i o n ,  d i f f u s i n g  

t h e  technology whi le  b u i l d i n g  corpora te  s a l e s .  

The s o c i a l ,  economic and t echno log ica l  impl ica t ions  of t h e s e  

s e v e r a l  genera l  f ind ings  a r e  impor tant  ones. They demonstrate 

t h a t  t h e  flow of en t repreneurs  o u t  of advanced t e c h n i c a l  organ- 

i z a t i o n s  i n t o  t h e i r  own bus inesses  can c r e a t e  s i g n i f i c a n t  tech-  

nology t r a n s f e r  a s  w e l l  a s  impressive commercial and economic 

impact. During t h e  p a s t  s e v e r a l  yea r s  many regions  of our  

country ,  numerous c i t i e s ,  a  h o s t  of u n i v e r s i t i e s  a s  w e l l  a s  a  

number of o t h e r  c o u n t r i e s  a r e  ca tch ing  on t o  t h i s  f a c t  of l i f e .  

They a r e  a t tempt ing  t o  t r a n s f e r  t h e  growth p o t e n t i a l  of e n t r e -  

p r e n e u r i a l  technology t r a n s f e r  t o  t h e  economic development of 

t h e i r  own geographic a r e a s .  The d a t a  i n d i c a t e  t h a t  such a t tempts  

a r e  worth pursuing,  and t h a t  government encouragement of  t h e s e  

e n t r e p r e n e u r i a l  flows can be  an impor tant  f a c t o r .  There i s  much 
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more t o  t h i s  problem of developing what has come t o  be  c a l l e d  

i n  t h i s  country t h e  "Route 128" phenomenon. 

P ro fessor  Roberts ' more d e t a i l e d  examinations of  t h e s e  

e n t e r p r i s e s  have focused on t h e  founding en t repreneurs ,  t h e  

i n f l u e n c e s  upon and t h e  e x t e n t  of technology t r a n s f e r  from 

government-sponsored R & D t o  t h e  market, and t h e  f a c t o r s  

a f f e c t i n g  t h e  growth of t h e s e  e n t e r p r i s e s .  Time l i m i t a t i o n s  

p reven t  more than  b r i e f  mention of  some common f ind ings  t h a t  

emerge from t h e  resea rch  on t h e  sp in-off  en t repreneurs  a s  w e l l  

a s  from t h e  s t u d i e s  of  t h e  i n t e r n a l  en t repreneurs .  I n  both 

s e t t i n g s  t h e  t e c h n i c a l  en t repreneur  has  been found t o  be a  man 

of  youth and advanced technologica l ly-based educat ion ,  coming 

from a  work environment i n  which t h e  e x p l o i t a t i o n  of advanced 

t e c h n i c a l  i d e a s  i s  being pursued. Even dur ing  childhood t h e  

e v e n t u a l  t e c h n i c a l  en t repreneur  has o f t e n  had some in f luences  

of  c a r e e r  o r i e n t a t i o n  toward self-employment t h a t  have a f f e c t e d  

h i s  pe r sona l  development. The no t ion  of  going i n t o  bus iness  

f o r  himself  has  long been a  s e r i o u s  cons ide ra t ion  of both  t h e  

i n t e r n a l  and t h e  sp in-off  en t repreneur .  

Within t h e  l a r g e  corpora t ion  and poss ib ly  a l s o  i n  t h e  l a r g e  

government l a b o r a t o r y ,  t h e  young would-be en t repreneur  o f t e n  

f i n d s  a t t i t u d e s  and p o l i c i e s  t h a t  d iscourage  him and t h a t  work 

t o  p reven t  s u c c e s s f u l  technology t r a n s f e r  from t h e  R & D l a b  

t o  t h e  market. Many of t h e s e  young ven tu re r s  cannot  even g e t  

t o  t h e  p o i n t  of  a c t i v e  p u r s u i t  of t h e i r  i n t e r e s t s  w i t h i n  t h e  
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f i r m  and leave  t h e s e  l a r g e  o rgan iza t ions  t o  s e t  up new companies. 

The volume of t h i s  outf low i s  i l l u s t r a t e d  by t h e  research  f i n d i n g  

t h a t  from one major company s t u d i e d ,  32 spin-off  f i rms now 

account  f o r  s a l e s  more than double those  of t h e i r  p a r e n t .  And 

those  i n d i v i d u a l s  who do n o t  q u i t  t h e  company may s t i l l  f i n d  

themselves f a i l u r e s  a s  a  r e s u l t  of a  co rpora te  a n t i - e n t r e p r e n e u r i a l  

approach. P ro fessor  Roberts has  sugges ted  t h a t  new forms of 

o r g a n i z a t i o n a l  i n c e n t i v e s  and managerial  phi losophies  may be 

needed f o r  t h e  l a r g e  o r g a n i z a t i o n  t o  r e t a i n  and t o  s t i m u l a t e  

t h e  would-be en t repreneur .  

Both i n t e r n a l  new bus iness  ventures  and e x t e r n a l  new com- 

panies  were found t o  have t h e i r  success  dependent i n  p a r t  on 

t h e  degree of e x p l o i t a t i o n  of  advanced technology. The d a t a  

on t h e  new e n t e r p r i s e s  s t u d i e d  pe rmi t t ed  t h e  i d e n t i f i c a t i o n  of 

youth,  developmental (ve r sus  resea rch)  o r i e n t a t i o n ,  and quickness 

of at tempted technology u t i l i z a t i o n  a s  some of t h e  in f luences  

e s s e n t i a l  t o  e f f e c t i v e  technology t r a n s f e r  from labora to ry  t o  

market. Moreover, i n  both  i n t e r n a l  and e x t e r n a l  s e t t i n g s  t h e  

degree of advanced technology used was found a s  an impor tant  

s t i m u l a n t  of t h e  success  a t t a i n e d  by t h e  venture .  Thus n o t  

only does technology t r a n s f e r  occur;  it c o n t r i b u t e s  c r i t i c a l l y  

t o  t h e  achieved bus iness  success .  P ro fessor  Roberts has  found 

a  v a r i e t y  of  o t h e r  f a c t o r s  t h a t  a l s o  a f f e c t  t h e  growth and pro- 

f i t a b i l i t y  of  t h e  new t e c h n i c a l  e n t e r p r i s e ,  i n c l u d i n g  mot iva t iona l  

and managerial  f o r c e s .  
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The resea rch  r e s u l t s  r e p o r t e d  thus  f a r  s u s t a i n  t h e  o r i g i n a l  

premise t h a t  t h e  d i f f e r e n c e  between mere t e c h n i c a l  inven t ion  and 

s u c c e s s f u l  market-place innovat ion  i s  l a r g e l y  a t t r i b u t a b l e  t o  

t h e  pe r sona l  r o l e  of t h e  en t repreneur .  B e t t e r  understanding 

and management of him and of  t h e  personal ly-based t e c h n i c a l  

innovat ion  process  w i l l  l e a d  t o  more r a p i d  and more b e n e f i c i a l  

technica l ly-based corpora te  and economic growth. 

I n  a d d i t i o n  t o  t h i s  d e t a i l e d  work on t h e  formulat ion of 

technologica l ly-based e n t e r p r i s e s  through t h e  movement of 

s c i e n t i s t s  and engineers  from government-supported f a c i l i t i e s ,  

t h e r e  has been more genera l  a t t e n t i o n  t o  t h e  ques t ion  of tech- 

n o l o g i c a l  t r a n s f e r .  I n  l i n e  wi th  t h e  work l e d  by Professor  

Roberts ,  it has been our  conv ic t ion  t h a t  a major p a r t ,  probably 

t h e  major p a r t ,  of t h e  process  of t r a n s f e r  of technology from - 
space and defense 3 & D t o  t h e  c i v i l i a n  economy occurs  n o t  through 

product  and process  t r a n s f e r ,  b u t  through human f a c t o r s  of a 

v a r i e t y  of k inds .  

One of t h e s e  f a c t o r s  i s  t h e  c r e a t i o n  of new techno log ica l  

e n t e r p r i s e s  a s  desc r ibed  above. Others a r e  t h e  movement of 

s c i e n t i s t s  and engineers  from defense-or iented  t o  c i v i l i a n -  

o r i e n t e d  indus try--sometimes w i t h i n  t h e  same company--the feed- 

back of new s c i e n t i f i c  and t echno log ica l  informat ion  t o  t h e  

educat ion  system, and t h e  i n t e r a c t i o n  between t h e  academic 

community and defense i n d u s t r y .  
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These and o t h e r  human f a c t o r s  i n  t h e  t r a n s f e r  of technology 

were s p e l l e d  o u t  i n  d e t a i l  a t  a h igh ly  s u c c e s s f u l  conference 

sponsored by t h e  M . I . T .  Space Center  i n  1966. The proceedings 

of t h e  conference and t h e  papers  presented  w i l l  s h o r t l y  be 

publ ished a s  a book by t h e  M. I .T .  P ress ,  e d i t e d  by Professors  

Gruber and Marquis. 

I n  t h e  p o l i t i c a l  sc ience  a r e a ,  t h e  resea rch  focus has been 

q u i t e  d i f f e r e n t .  Here t h e  emphasis has been on t h e  p o l i t i c a l  

and $o l i cy  impl ica t ions  of t h e  space program, i n  p a r t i c u l a r  t h e  

e f f e c t s  i n  t h e  i n t e r n a t i o n a l  a rena .  There i s  a connect ion wi th  

t h e  more management-oriented e f f o r t - - i n  f a c t  a paper  co-authored 

by Professor  Gruber l a i d  o u t  t h e  r e l a t i o n  between i n d u s t r i a l  

R & D investment  and t h e  U .  S.  t r a d e  pos i t ion--but ,  by and l a r g e ,  

t h e  resea rch  has been more heav i ly  fore ign-pol icy  o r i e n t e d .  

A major segment of t h e  work was devoted t o  a s tudy of t h e  

i n t e r a c t i o n  of sc ience  and technology and American f o r e i g n  p o l i c y ,  

wi th  t h e  space program providing many of t h e  case  s t u d i e s  t o  

i l l u s t r a t e  t h e  r e l a t i o n s h i p .  I t  i s  a commonplace t o  observe 

t h a t  sc ience  and technology have sha rp ly  a l t e r e d  t h e  meaning 

of power, t h e  pace and c h a r a c t e r  of i n t e r n a t i o n a l  r e l a t i o n s ,  

and t h e  a c t u a l  conduct of diplomacy. Yet, i n  t h e  a c t u a l  formu- 

l a t i o n  of p o l i c y ,  i n  t h e  a p p r e c i a t i o n  of t h e  r o l e  of s c i e n t i f i c  

and t e c h n i c a l  a s p e c t s  of i s s u e s ,  i n  t h e  a n t i c i p a t i o n  of e f f e c t s  

of f u t u r e  s c i e n t i f i c  and t echno log ica l  developments, and i n  

cons ide ra t ion  of t h e  p o t e n t i a l  conscious use of sc ience  and 
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technology f o r  p o l i c y  purposes,  t h e  r e a l i t y  has t o o  o f t e n  appeared 

t o  f a l l  f a r  s h o r t  of t h e  c l i c h e s .  The s tudy was designed t o  

explore  t h e  a c t u a l  r e l a t i o n s h i p  of sc ience  and technology t o  

f o r e i g n  p o l i c y ,  and t o  analyze t h e  f o r e i g n  p o l i c y  process  i n  

t h e  l i g h t  of t h a t  e x p l o r a t i o n .  

The a n a l y s i s  took a  s e r i e s  of f o r e i g n  po l i cy  a r e a s ,  includ- 

i n g  n o t  only t h e  new a r e a s  a r i s i n g  d i r e c t l y  from new technology 

such a s  space and atomic energy,  b u t  a l s o  more o r  l e s s  t r a d i t i o n a l  

a reas- -nat ional  s e c u r i t y ,  b i l a t e r a l  r e l a t i o n s ,  f o r e i g n  a i d ,  

i n t e r n a t i o n a l  organizat ions--and explored  f o r  each t h e  re levance  

and s i g n i f i c a n c e  of sc ience  and technology. 

The c l e a r  conclus ion  was t h a t  s c i e n t i f i c  and t echno log ica l  

cons ide ra t ions  a r e  impor tant  and c r i t i c a l  elements of many of 

t h e  c e n t r a l  i s s u e s  of  f o r e i g n  p o l i c y ,  more impor tant  t o  more 

i s s u e s  than  i s  g e n e r a l l y  r e a l i z e d  o r  acknowledged i n  t h e  p o l i c y  

process .  The a l l  too-common b e l i e f  t h a t  t h e  t e c h n i c a l  a spec t s  

of f o r e i g n  p o l i c y  i s s u e s  can be handled a s  s imple mat te r s  of 

f a c t ,  t o  be provided by any t e c h n i c a l l y  t r a i n e d  person i s  wide 

of t h e  mark. Rather ,  a t  t h e  l e v e l  of  s i g n i f i c a n t  choice i n  

p o l i c y  i s s u e s ,  when t h e r e  was an impor tant  s c i e n t i f i c  o r  teeh-  

n o l o g i c a l  component, t h a t  t e c h n i c a l  component almost i n v a r i a b l y  

was u n c e r t a i n ,  open t o  widely varying i n t e r p r e t a t i o n ,  c o n t r o v e r s i a l ,  

and c l o s e l y  i n t e r l o c k e d  wi th  t h e  p o l i t i c a l  a l t e r n a t i v e s  open t o  

t h e  p o l i c y  maker. That  i s ,  t h e  p o l i c y  choices  a v a i l a b l e  were 

o f t e n  a  f u n c t i o n  of t h e  t echno log ica l  u n c e r t a i n t i e s  and cho ices ,  
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and, e q u a l l y ,  t h e  t echno log ica l  choices  were a  func t ion  of t h e  

p o l i t i c a l  choices .  I t  was i n t e r e s t i n g  t o  s e e  i n  how many cases  

t h e  t e c h n i c a l  elements of an i s s u e  could n o t  be adequately rep- 

r e sen ted  independently of t h e  p o l i c y  a l t e r n a t i v e s  themselves.  

And, it might be added, it was i n t e r e s t i n g  t o  s e e  how o f t e n  t h e  

t e c h n i c a l  elements and impl ica t ions  of an i s s u e  could be and 

were represen ted  i n  d i f f e r e n t  ways according t o  t h e  p o l i c y  b i a s e s  

of t h e  s c i e n t i s t  o r  engineer ,  even when t h e r e  was genera l  agree- - 
ment'on t h e  t e c h n i c a l  f a c t s .  

These conclusions have impor tant  impl ica t ions  i n  t h e  U.  S. 

government, and t h e  s tudy analyzed e x i s t i n g  Federa l  government 

machinery t h a t  a t tempts  t o  i n t e g r a t e  - sc ience  and technology i n t o  

t h e  making of f o r e i g n  po l i cy .  I n  genera l ,  t h e  r e s u l t s  of  t h i s  

a n a l y s i s  were n o t  encouraging, p a r t i c u l a r l y  i n  examining t h e  

a b i l i t y  of t h e  Department of  S t a t e  t o  b r i n g  t o  b e a r  t e c h n i c a l /  

p o l i t i c a l  e x p e r t i s e  on impor tant  i s s u e s .  The most d i f f i c u l t  

t a s k  i s  n o t  ob ta in ing  t e c h n i c a l  i n p u t s ,  e s p e c i a l l y  from r e l e v a n t  

government agencies ,  b u t  r a t h e r  developing t h e  c a p a b i l i t y  t o  

cons ider  such i n p u t s  o b j e c t i v e l y ,  which i s  necessary f o r  t h e  

S t a t e  Department t o  mainta in  independence of judgment from t h e  

t e c h n i c a l  agencies  of government. I n  t h i s  r e s p e c t ,  t h e  Depart- 

ment of S t a t e  has n o t  been notably  s u c c e s s f u l ,  t o o  o f t e n  be ing  

t h e  "p r i soner"  of agency b i a s e s  and p o l i c y  p re fe rences  because 

of almost t o t a l  dependence on t h e  agencies  f o r  t e c h n i c a l / p o l i t i c a l  

informat ion  and a n a l y s i s .  This  s i t u a t i o n  i s  p a r t i c u l a r l y  inade- 
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quate  when cons ide r ing  o p p o r t u n i t i e s  f o r  us ing  sc ience  and tech- 

nology conscious ly  a s  an ins t rument  of fo re ign  p o l i c y  ( p a r t i c u -  

l a r l y  i n  t h e  space a r e a ) .  I t  i s  changing today s i n c e  t h e  s tudy 

was completed, b u t  s lowly.  

This  s tudy r e s u l t e d  i n  a  book: Science,  Technology and 

American Foreign Pol icy  publ ished by t h e  M. I .T .  P r e s s ,  which i n  

e f f e c t  l a i d  o u t  f o r  t h e  f i r s t  time t h e  breadth  and s i g n i f i c a n c e  

of t h e  r e l a t i o n s h i p  ac ross  t h e  board of  s c i e n c e  and technology 

t o  f o r e i g n  p o l i c y ,  a s  w e l l  a s  making t h e  p o i n t s  noted.  I t  a l s o  

specu la ted  about  t h e  l i k e l y  s i g n i f i c a n c e  t o  i n t e r n a t i o n a l  r e l a -  

t i o n s  of  f u t u r e  developments of sc ience  and technology. I 

b e l i e v e  it i s  f a i r  t o  say  t h a t  we have n o t  adequately recognized 

today, l e t  a lone  f o r  tomorrow, t h e  r e a l  meaning f o r  i n t e r n a t i o n a l  

r e l a t i o n s  of new technologies .  How does o r  should technology 

a l t e r  our  concept of sovere ign ty ,  of  independence of a c t i o n ,  of 

c o n t r o l  of t e r r i t o r y  i n  an e r a  when t h e  s c a l e  and scope of tech- 

nology and i t s  e f f e c t s  s o  o f t e n  cannot be cons idered  w i t h i n  a  

n a t i o n a l  framework alone.  What a r e  t h e  l e s sons  f o r  our  funda- 

mental assumptions about  t h e  wisdom of " p o l i t i c a l  i n t e r f e r e n c e "  

i n  technology and even i n  sc ience?  Can w e  always a f f o r d  t o  have, 

from t h e  viewpoint of  i n t e r n a t i o n a l  peace and s t a b i l i t y ,  whatever 

w i l l  come from t h e  l abora to ry?  I n  any case ,  how do we b r i n g  

under adequate p o l i t i c a l  and human c o n t r o l  t h e  new powers t h a t  

sc ience  and technology w i l l  cont inue  t o  b r i n g  t o  t h e  world? 
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One a r e a  i n  p a r t i c u l a r  s t a n d s  o u t  a s  r e q u i r i n g  new thought  

and new i d e a s .  I t  i s  t h e  ques t ion  of developing t h e  i n t e r n a t i o n a l  

regime t h a t  g l o b a l  technologies  w i l l  i n c r e a s i n g l y  f o r c e  on t h e  

world. Problems of i n t e r n a t i o n a l  c o n t r o l ,  ownership, r e g u l a t i o n  

and a l l o c a t i o n  of b e n e f i t s ,  w i l l  a r i s e  i n c r e a s i n g l y  a s  technology 

l eads  us t o  e x p l o i t  resources  i n  an i n t e r n a t i o n a l  environment o r  

g ives  us t h e  power t o  t ake  a c t i o n s  wi th  e f f e c t s  o u t s i d e  n a t i o n a l  

borders .  P r e s e n t  models of i n t e r n a t i o n a l  machinery do n o t  appear 

adeq ia te  t o  t h e  job t h a t  w i l l  be r equ i red  i n  t h e  oceans, i n  space ,  

i n  t h e  atmosphere, i n  f u r t h e r i n g  coopera t ion  i n  conserving s c a r c e  

resources ,  and s o  f o r t h .  We need new inven t ions .  What must 

they do and what should they be? This range of ques t ions  i s  

t h e  agenda f o r  f u t u r e  work. 

I n  a d d i t i o n  t o  t h i s  s tudy ,  t h e r e  have been s e v e r a l  o t h e r s  

i n  t h e  i n t e r n a t i o n a l  a r e a ,  b u t  I s h a l l  mention h e r e  b r i e f l y  only 

two. One was a  s tudy on o u t e r  space and arms c o n t r o l  c a r r i e d  

o u t  by Professors  Clemens and Bloomfield, t h a t  r e s u l t e d  i n  a  

Space Center  monograph and u l t i m a t e l y  p u b l i c a t i o n  as  a  book. 

The work reviewed t h e  h i s t o r y  of both  t h e  Sov ie t  and t h e  United 

S t a t e s  approaches t o  arms c o n t r o l  arrangements f o r  o u t e r  space 

from 1955 t o  1966, and it considered  t h e  m i l i t a r y ,  p o l i t i c a l ,  

and economic f a c t o r s  cond i t ion ing  t h e  approaches of t h e s e  major 

space powers. The f o r c e s  impe l l ing  both  governments t o  reach 

an accord on deployment of weapons of  mass d e s t r u c t i o n  i n  1963, 

t h e  chal lenges  made t o  t h a t  accord,  and t h e  f a c t o r s  l ead ing  
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Washington and Moscow toward a  more comprehensive and formal 

t r e a t y  on o u t e r  space i n  1966 and 1967 were examined and analyzed 

i n  d e t a i l .  

The o t h e r ,  which i s  s t i l l  i n  progress ,  i s  a  d e t a i l e d  s tudy 

of U. S./French space r e l a t i o n s  t o  determine j u s t  how p o l i t i c a l ,  

i n d u s t r i a l  and s e c u r i t y  f a c t o r s  determined t h e  a c t u a l  t e c h n i c a l  

r e l a t i o n s ,  i n c l u d i n g  coopera t ion ,  i n  space - re la ted  mat te r s  

between t h e  U. S.  and France. Both c o u n t r i e s  a r e  i n t e r e s t e d  

i n  i n t e r n a t i o n a l  coopera t ive  programs, each wi th  d i f f e r e n t  motives.  

When t h e  t o t a l  p i c t u r e  of space t e c h n i c a l  r e l a t i o n s  i s  examined, 

however, t h e  p i c t u r e  t h a t  emerges i s  cur ious ;  t h a t  i s ,  i n  some 

a r e a s  t h e r e  i s  l e s s  coopera t ion  and i n t e r a c t i o n  than p o l i c y  

pronouncements would l e a d  one t o  expect ;  i n  o t h e r s ,  t h e r e  i s  

cons iderably  more than one would th ink  genera l  U.  S./French 

p o l i t i c a l  r e l a t i o n s  would al low. The a c t u a l  s i t u a t i o n ,  and t h e  

reasons behind t h e  va r ious  d e c i s i o n s  t h a t  have been made, should 

be  q u i t e  i l l u m i n a t i n g  i n  t h e  o v e r a l l  con tex t  of  understanding 

how technology i s  a c t u a l l y  used i n ,  and how it a f f e c t s ,  fo re ign  

po l i cy .  This  s tudy  w i l l  a l s o  open t h e  ques t ion  of i n d u s t r i a l  

i n t e r e s t s  i n  i n t e r n a t i o n a l  space r e l a t i o n s ,  which has been a  

c o n t r o v e r s i a l  and l i t t l e  explored  s u b j e c t .  I might add t h a t  

much of t h i s  work i n  both t h e  management and t h e  p o l i t i c a l  sc ience  

a r e a s  has been of d i r e c t  re levance  t o ,  and has d i r e c t l y  f i t  i n t o ,  

some of our  undergraduate course o f f e r i n g s  i n  t h e  I n s t i t u t e ,  

p a r t i c u l a r l y  i n  r e l a t i o n  t o  our  Science and Pub l i c  Pol icy  program. 
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So t h a t  a s i d e  from t h e  resea rch  r e s u l t s  themselves,  it has had 

a d i r e c t  e f f e c t  on our  educa t iona l  program. 

So much f o r  t h e  genera l  a r e a s  of s o c i a l  sc ience  resea rch  

supported by t h e  Space Center .  This  r e sea rch ,  and o t h e r  under- 

way t h a t  I have n o t  mentioned, i s  d i r e c t l y  r e l a t e d  t o  t h e  space 

program o r  t o  t h e  impact of space a c t i v i t i e s .  Some of it involves  

a degree of m u l t i d i s c i p l i n a r y  coopera t ion ,  b u t  by and l a r g e  t h e  

work i s  encompassed w i t h i n  normal d i s c i p l i n a r y  boundaries .  

I n  p a r t ,  a s  a r e s u l t  of t h e  e x i s t e n c e  of t h e  Space Center ,  

and i n  p a r t i c u l a r  t h e  i n t e r e s t  of NASA i n  f u r t h e r i n g  more broadly- 

based resea rch ,  we have begun a s tudy a t  M . I . T .  t o  exp lo re  a more 

fundamental response t o  problems of broad s o c i a l  concern. We 

s t a r t  t h i s  examination wi th  t h e  conv ic t ion  t h a t  an i n s t i t u t i o n  

l i k e  M.I .T.  has a major r e s p o n s i b i l i t y  t o  understand and t o  seek 

s o l u t i o n s  t o  impor tant  s o c i a l  problems. The record  of t h e  

Ins  ti t u t e  through i t s  f i r s t  century  demonstrates t h a t  t h i s  

response t o  s o c i e t y  has always been high on t h e  agenda. More 

and more, however, impor tant  s o c i a l  problems emerge a s  a d i r e c t  

r e s u l t  of s c i e n t i f i c  and t echno log ica l  advance and y e t  do n o t  

conform n e a t l y  t o  t h e  t r a d i t i o n a l  d i s c i p l i n a r y  o rgan iza t ion  of  

a u n i v e r s i t y .  

What can we do about  focus ing resea rch  resources  on new 

problems, what i n s t i t u t i o n a l  innovat ions  a r e  r equ i red ,  what a r e  

t h e  key problems we should be t a c k l i n g ? - - a l l  a r e  ques t ions  t h a t  
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have been t h e  concern of a  s p e c i a l  seminar t h a t  inc ludes  among 

i t s  members key academic o f f i c e r s  and f a c u l t y  a t  t h e  I n s t i t u t e .  

I t  i s  t o o  e a r l y  t o  r e p o r t  t h e  r e s u l t s  of t h e s e  de l ibe ra -  

t i o n s ,  b u t  a  s p e c i f i c  p lan  i s  be ing  developed f o r  broader  d i s -  

cuss ion .  I f  some of t h e  i d e a s  do m a t e r i a l i z e ,  they a r e  l i k e l y  

t o  have a  profound e f f e c t  on t h e  f u t u r e  p a t t e r n  of development 

of  M. I .T . ,  f o r  they  w i l l  make e a s i e r  t h e  k ind  of c r o s s - d i s c i p l i n a r y  

approach t o  major s o c i a l  i s s u e s ,  wi thout  abandoning t h e  d i s c i p l i n e s ,  

t h a t  i s  t y p i c a l l y  s o  d i f f i c u l t  t o  mount a t  u n i v e r s i t i e s  today.  

S tudent  involvement w i l l  be an e s s e n t i a l  component, both f o r  

educa t iona l  reasons and a s  a  means of meeting t h e  growing demand 

of  s t u d e n t s  t o  be involved i n  problems d i r e c t l y  r e l e v a n t  t o  t h e  

s o c i e t y  i n  which they l i v e .  

Whether we can succeed i n  t h i s  remains t o  be seen,  b u t  i f  

s o  t h e  M.I .T.  Center  f o r  Space Research w i l l  have se rved  t h e  

e s s e n t i a l  c a t a l y t i c  func t ion  t h a t  brought  it about .  

E. B. Skolnikoff  
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GOVERNOR J O H N  A. VOLPE 

On behalf  of t h e  Commonwealth of Massachusetts it i s  indeed 

an honor and a p leasure  t o  be h e r e  and t o  t ake  t h i s  oppor tun i ty  

t o  honor M r .  James E.  Webb i n  r e c o g n i t i o n  of h i s  many cont r ibu-  

t i o n s  t o  American progress  i n  space resea rch  and exp lo ra t ion .  

We a r e  d e l i g h t e d  t o  p r e s e n t  t o  him t h i s  c i t a t i o n  which reads :  

"To James E .  Webb, Adminis t ra tor  of NASA, on t h e  occasion of 

t h e  d e d i c a t i o n  of t h e  Center  f o r  Space Research a t  t h e  Massa- 

c h u s e t t s  I n s t i t u t e  of Technology." 

The Center f o r  Space Research w i l l  prove t o  be a  g r e a t  

a s s e t  n o t  only t o  M. I .T .  b u t  t o  t h e  Commonwealth and t h e  Nation 

a s  we l l .  

Our s t a t e  has always taken g r e a t  p r i d e  i n  t h e  h e r i t a g e  of 

exce l l ence  t h a t  has  been handed down from genera t ion  t o  genera- 

t i o n ,  and t h e  d e d i c a t i o n  of t h i s  new mul t i -mi l l ion  d o l l a r  r e sea rch  

c e n t e r  s u r e l y  w i l l  be another  mi les tone  i n  our  q u e s t  f o r  expanded 

knowledge. 

The M. I . T .  Center  f o r  Space Research w i l l  be f u r t h e r  t e s t i -  

mony i n  t h i s  amazing t echno log ica l  age t h a t  i n  Massachusetts 

'"rainpower" i s  our most impor tant  product .  

And i n  t h i s  day and age, j u s t  t e n  s h o r t  yea r s  s i n c e  t h e  

dawn of t h e  Space Age when Russia and t h e  United S t a t e s  launched 

Sputnik One and Explorer  One, r e s p e c t i v e l y ,  t h e  world has ce r -  

t a i n l y  p laced a  premium on t h e  t a l e n t s  t h a t  w i l l  be employed i n  

t h i s  new resea rch  c e n t e r .  



I need n o t  remind anyone he re  today of t h e  r a p i d  and amaz- 

i n g  progress  of space technology, nor  of t h e  tremendous p o t e n t i a l  

t h a t  e x i s t s  i n  t h i s  f i e l d .  I n  f a c t ,  f u t u r e  accomplishments and 

b e n e f i t s  of our  space program a r e  almost  a s  unl imi ted  a s  t h e  

s o l a r  system i n  which we l i v e .  

The space program i n  America provides  us wi th  technology 

on a s c a l e  s o  v a s t  and v a r i e d  t h a t  even t h e  p r o f e s s i o n a l  i s  

hard-put  t o  keep up with it, never  mind t h e  layman! 

I n  those  t e n  s h o r t  yea r s  s i n c e  man-made s a t e l l i t e s  were 

f i r s t  s e n t  i n t o  o r b i t  t h e r e  i s  ha rd ly  a  s i n g l e  f i e l d  of sc ien-  

t i f i c  endeavor t h a t  has n o t  been touched by t h e  space program. 

J u s t  a s  World War One gave impetus t o  t h e  development of 

t h e  a i r p l a n e ,  and World War Two g r e a t l y  a c c e l e r a t e d  nuc lea r  

technology, t h e  space age i s  providing s i m i l a r  impetus--only 

i n  a  peace fu l  manner, I might add thankfu l ly ,  i n  such a r e a s  a s  

d a t a  process ing ,  micro-minia tur iza t ion  of e l e c t r o n i c  components, 

communications, weather f o r e c a s t i n g ,  and a h o s t  of o t h e r s ,  

"...Every known d i s c i p l i n e ,  s c i e n t i f i c  o r  o therwise ,  i s  

p o t e n t i a l l y  a f f e c t e d ,  and w e  a r e  s e e i n g  an i n t e g r a t i o n  of human 

and m a t e r i a l  r e sources  on an unprecedented s c a l e . "  

Even more impor tant  i s  t h e  s t i m u l a t i o n  t h a t  our  ambit ious 

goa l s  i n  space b r i n g  t o  t h e  young people of our  n a t i o n  and t o  

our  educa t iona l  system. This s t i m u l a t i o n  i s  hard  t o  measure, 

b u t  I am convinced t h a t  a s  a  r e s u l t  of t h e  a t t a inments  of t h e  

many h igh ly  s k i l l e d  people i n  t h e  space program and our  a s t r o -  
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n a u t s ,  t h e  American people have set  h i g h e r  goa l s  f o r  t h e i r  own 

accomplishments. 

We could,  of course ,  cont inue  t o  s i t  s o l i d l y  on t h e  s u r f a c e  

of t h e  e a r t h  and look a t  t h e  s t a r s  and t h e  p l a n e t s  through t e l e -  

scopes and wonder. But it i s  inconceivable  t o  me t h a t  t h i s  

n a t i o n ,  wi th  i t s  long h i s t o r y  and h e r i t a g e  of ingenu i ty ,  f r ee -  

dom, and bold  s p i r i t  of adventure would have t h e  resources  and 

t h e  a b i l i t y  t o  f i n d  o u t  what t h e  r e s t  of t h e  universe  i s  l i k e  

and y e t  be s o  d i s i n t e r e s t e d  t h a t  we f a i l  t o  do it. 

E i t h e r  we a r e  a n a t i o n  t h a t  i s  a l i v e ,  a l e r t  and aware--and 

one which i s  eager  and anxious t o  exp lo re  and learn--or  we a r e  

n o t .  

I t  i s  a s  s imple a s  t h a t .  And I am d e l i g h t e d  t h a t  he re  i n  

Massachuset ts ,  t h e  men a t  M.  I .T.  a r e  l a y i n g  it on t h e  l ine - -a re  

saying,  "Yes, we want t o  know." . . 'Tes ,  we want t h e  answers." 

. . "Yes, we ' r e  ready t o  break through t h e  b a r r i e r s . "  

We a r e  d e l i g h t e d  t h a t  M.1-T. i s  again  i n  t h e  f o r e f r o n t  i n  

t h e  breakthrough toward a new f r o n t i e r  of  knowledge. 

This  I n s t i t u t e  has aga in  demonstrated i t s  exce l l ence  a s  a 

f o r c e  f o r  imaginat ive and c r e a t i v e  th ink ing .  

This new b u i l d i n g ,  1 0 0 , 0 0 0  square  f e e t  devoted t o  r e sea rch  

i n t o  a f i e l d  t h a t  was unheard of when most of us were of c o l l e g e  

age, w i l l  t ake  i t s  p l a c e  proudly i n  a community and a s t a t e  t h a t  

a r e  f a s t  becoming space-or iented .  . . a community and s t a t e  t h a t  

a r e  paving t h e  way t o  a b r i g h t e r  f u t u r e  f o r  a l l  mankind. 
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Goethe once wrote t h a t  t h e r e  a r e  t h r e e  tests of a  bu i ld ing :  

". . . That  it s t a n d s  on t h e  r i g h t  s p o t .  . . t h a t  it be  secure ly  

founded . . . and t h a t  i t  be s u c c e s s f u l l y  executed."  

I would add one more t e s t - - t h a t  t h e  b u i l d i n g  s e r v e  a  g r e a t  

purpose. I am c o n f i d e n t  t h a t  t h e  people h e r e  a t  M. I .T .  w i l l  

g ive  t h i s  magnif icent  new s t r u c t u r e ,  t h e  Center f o r  Space Research, 

a  g r e a t  human purpose a s  mankind seeks  new passages through t h e  

b a r r i e r s  of t h e  unknown. 

From t h e  new Space Center ,  I am s u r e ,  w i l l  come t h e  i d e a s  

and concepts  t h a t  w i l l  s t i r  men's h e a r t s  and f i r e  t h e i r  imagina- 

t i o n s  . 
Mankind i s  w e l l  se rved  through t h e  e x p l o r a t i o n  of t h e  unknown. 

I can th ink  of no b e t t e r  p lace  f o r  such resea rch  than he re  a t  

M . I . T .  

My c o n g r a t u l a t i o n s  t o  everyone involved i n  t h i s  impor tant  

undertaking,  and I am conf iden t  t h a t  t h e  new Center  w i l l  be t h e  

home of many breakthroughs i n  t h e  f u t u r e .  

J. A. Volpe 
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DR. JAMES R. KILLIAN,  J R .  

I n  reviewing t h e  e a r l y  h i s t o r y  of t h e  NASA-M.I.T. d iscus-  

s i o n s  concerning an expanded program of space resea rch  a t  M , I . T . ,  

I r e c a l l e d  d a t a  t h a t  i n d i c a t e d  t h e r e  were 150 members of t h e  

M e  I . T ,  f a c u l t y  who were a l ready  engaged i n  work r e l a t i n g  d i r e c t l y  

o r  i n d i r e c t l y  t o  space.  There were some 500 graduate  s t u d e n t s  

--as a  ma t t e r  of f a c t  some 15 pe rcen t  of a l l  of t h e  graduate  

t h e s e s  c u r r e n t l y  then  being done a t  t h e  I n s t i t u t e ,  r e l a t e d  

d i r e c t l y  o r  i n d i r e c t l y  t o  t h e  space program. So you s e e ,  t h e  

evolving space program has had a  profound e f f e c t  on academic 

i n s t i t u t i o n s  a s  w e l l  a s  on many o t h e r  kinds of i n s t i t u t i o n s .  

I t  i s  most t imely ,  t h e r e f o r e ,  t h a t  we c e l e b r a t e  t h e  f a c t  t h a t  

t h e  u n i v e r s i t i e s  i n  t h i s  country have been a b l e ,  thanks t o  

sound p o l i c i e s  and very pe rcep t ive  understanding on t h e  p a r t  

of t h e  admin i s t r a t ion  of NASA, t o  s h a r e  impor tant ly ,  and t o  

c o n t r i b u t e  impor tant ly  t o  t h e  space program. 

I cannot h e l p  b u t  have a  c e r t a i n  touch of sent iment  on t h i s  

occasion because we have t h e  good f o r t u n e ,  i n  d e d i c a t i n g  t h i s  

Space Center ,  t o  t ake  p a r t  i n  one of t h e  c e l e b r a t i o n s  t h a t  marks 

t h e  t e n t h  anniversary  of  our  n a t i o n a l  space program. Some of 

us can r e c a l l  very v i v i d l y  t h e  af termath  of Sputnik i n  l a t e  1957, 

and I wish t o  r e f l e c t  on a  document t h a t  has some r e l a t e d  h i s -  

t o r i c  i n t e r e s t .  I t  i s  da ted  March 5 ,  1958. I t  i s  a  memorandum 

f o r  t h e  P r e s i d e n t .  The s u b j e c t  i s :  "Organizat ion f o r  C i v i l  



Space Programs. The preamble t o  t h i s  document reads  t h i s  way: 

"As you know, t h e r e  w i l l  soon be p resen ted  f o r  your considera-  

t i o n  c i v i l  space programs f o r  t h e  United S t a t e s  which w i l l  

e n t a i l  inc reased  expendi tures  and t h e  employment of impor tant  

numbers of s c i e n t i s t s ,  engineers  and t echn ic ians .  This  committee 

( t h e  P r e s i d e n t ' s  Advisory Committee on Government Organiza t ion)  

i n  conjunct ion  wi th  t h e  D i r e c t o r  of t h e  Bureau of t h e  Budget 

and your S p e c i a l  A s s i s t a n t  f o r  Science and Technology has given 

cons ide ra t ion  t o  t h e  manner i n  which t h e  Executive Branch should 

be organized t o  conduct t h e  new program." Then t h e  memorandum 

cont inues  on t o  d i scuss  a l l  t h e  va r ious  ways i n  which our  govern- 

ment might undertake t o  admin i s t e r  a  space program. But then 

it  comes t o  a  conclusion:  "Recommendation Number 1: We recom- 

mend t h a t  l e a d e r s h i p  of t h e  c i v i l  space e f f o r t  be lodged i n  a  

s t rengthened and redes igna ted  Nat ional  Advisory Committee f o r  

Aeronautics .  " That ,  I th ink  on March 1 0 ,  1958, was t h e  begin- 

n ing  of t h e  p repara t ion  of a  b i l l  t h a t  was subsequently i n t r o -  

duced i n  t h e  Congress i n  e a r l y  A p r i l  fo l lowing t h e  r e p o r t .  

This l e d  t o  t h e  subsequent congress ional  a c t i o n  wherein Congress 

passed t h e  b i l l ,  and i n  J u l y  t h e  P r e s i d e n t  s igned t h e  Space Act 

of 1958; a l l  of  which I t h i n k  sets some kind of record  f o r  t h e  

c r e a t i o n  of a  new agency i n  our  government. 

A s  I ran  through t h i s  document t h e r e  was s t i l l  another  

s e c t i o n  of it t h a t  s t r u c k  me a s  showing how l i t t l e  we recognized,  
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i n  those  days,  what we were moving i n t o .  One paragraph reads  

t h i s  way: "N.A.C.A. now spends around 1 0 0  m i l l i o n  d o l l a r s  p e r  

yea r .  A c i v i l  space program may even tua l ly  e n t a i l  . . . may 

e v e n t u a l l y  e n t a i l w - - i t  s a y s ? - - " a d d i t i o n a l  annual expendi tures ."  

(There was an understatement  i f  t h e r e  ever  was one.)  The repork 

went on t o  say:  " I t  i s  obvious t h a t  important  changes i n  N.A.C.A. 

w i l l  be r equ i red  by such an expansion, and t h e  agency may have 

some d i f f i c u l t y  i n  a s s i m i l a t i n g  t h e  a d d i t i o n a l  s t a f f  and func- 

t i o n $ .  '" 

Well, t h a t  was i n  March 1958, and i n c i d e n t a l l y ,  t h i s  pro- 

posa l  t o  t h e  P r e s i d e n t  which he subsequently approved, was s igned  

by P e r c i v a l  Brundage, Di rec to r  of t h e  Bureau of  t h e  Budget; 

Nelson A. Rockefe l l e r ,  Chairman of t h e  Committee on Government 

Organizat ion;  and myself.  So I do have some sense  o f ,  a s  I s a y ,  

sent iment ,  on t h i s  t e n t h  anniversary  occasion because one cannot 

k e l p  b u t  be  tremendously impressed and encouraged by what has 

happened s i n c e  NASA was e s t a b l i s h e d  i n  1958, and f o r  a l l  t h e  

hopes and t h e  expec ta t ions  of those  i n  Congress and t h e  Executive 

branch of t h e  government t h a t  were involved i n  c r e a t i n g  t h i s  new 

c i v i l i a n  space agency. I t h i n k  they a l l  have reason t o  f e e l  

t h a t  it has worked wonderously w e l l  and t h a t  what has been accom- 

p l i s h e d  over  t h i s  ten-year  pe r iod  i s  dramat ic  and s p e c t a c u l a r  

beyond t h e  dreams of any who had anything t o  do wi th  t h e  formu- 

l a t i o n  of t h e  program i n  those  e a r l y  days. 
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Here today,  I welcome t h e  oppor tuni ty  of express ing  my 

admirat ion f o r  what has been accomplished by NASA, and p a r t i c u -  

l a r l y  t o  p o i n t  o u t ,  i n  doing s o ,  t h a t  f o r  more than h a l f  of i t s  

l i f e  it has been adminis tered  by M r .  James Webb. What I have 

been say ing  about NASA i s  i n  p a r t  a  t r i b u t e  t o  what he has 

accomplished i n  admin i s t e r ing  t h i s  new, v i t a l  c i v i l i a n  agency 

and i t s  e x c i t i n g  program. 

M r .  Webb, a s  I am s u r e  a l l  of you know, i s  an a t t o r n e y ,  

a  businessman, b u t  one who has served h i s  government i n  an 

e x t r a o r d i n a r y  v a r i e t y  of ways. I f i r s t  came t o  know him when 

we were both members of a  committee c a l l e d  Management i n  Govern- 

ment under P r e s i d e n t  Truman's admin i s t r a t ion .  M r .  Webb had 

a l ready  se rved  a  pe r iod  a s  D i r e c t o r  of t h e  Bureau of t h e  Budget, 

and t h i s  committee was concerned wi th  t h a t  p a r t  of t h e  Bureau's  

a c t i v i t y  t h a t  d e a l t  with management and o rgan iza t ion  i n  govern- 

ment. 

S h o r t l y  a f t e r  t h a t ,  M r .  Webb moved on t o  t h e  S t a t e  Depart- 

ment, where he became Undersecretary of  S t a t e ,  and whi le  t h e r e  

some of  us h e r e  i n  t h e  Cambridge community had a  r a t h e r  s p e c i a l  

oppor tuni ty  t o  come t o  know him, and t o  recognize h i s  understand- 

i n g  of t h e  c o n t r i b u t i o n s  which u n i v e r s i t i e s  can make t o  t h e  

government, and how b e s t  t h e  u n i v e r s i t i e s  can be he lped i n  making 

those  c o n t r i b u t i o n s .  

J. R. K i l l i a n ,  Jr. 



The S t a t e  Department came t o  M . I . T .  a t  t h a t  t i m e - - I  t h ink  

l a r g e l y  under t h e  i n s t i g a t i o n  of M r .  Webb--and asked us i f  w e  

would undertake a  s tudy t h a t  r e l a t e d  t o  some of t h e  problems 

involved i n  t h e  Voice of America. These problems a t  f i r s t  glance 

seemed t o  be p r i m a r i l y  t e c h n i c a l ,  b u t  a s  we looked a t  them it 

became c l e a r  t h a t  t h e r e  should be a  consortium of d i s c i p l i n e s  

brought  t o  bea r  i f  they  were going t o  be so lved i n  an e f f e c t i v e  

way. This  l e d  t o  t h e  more genera l  program c a l l e d  P r o j e c t  Troy, 

t o  which M r .  Webb c o n t r i b u t e d  much i n  concept and form. P r o j e c t  

Troy was an i n t e r d i s c i p l i n a r y  undertaking t h a t  involved physi- 

c i s t s ,  e l e c t r i c a l  eng inee r s ,  psychologis ts  and s o c i o l o g i s t s ,  

and an th ropo log i s t s  and o t h e r s  from t h e  s o c i a l  sc iences  and t h e  

humanit ies .  This  new i n t e r d i s c i p l i n a r y  program was formulated 

t o  d e a l  wi th  a  s p e c i f i c  problem. The r e s u l t i n g  experience was 

of such exci tement  t o  t h e  people who p a r t i c i p a t e d  i n  it t h a t  

they came t o  t h e  a d m i n i s t r a t i o n  of t h e  I n s t i t u t e  and s a i d ,  

"We th ink  t h i s  k ind  of a c t i v i t y  i n  a  u n i v e r s i t y  i s  s o  impor tant  

t h a t  we hope M.I .T .  w i l l  f i n d  a  way t o  continue it ." And s o  

we d i d ,  and it was o u t  of t h i s  exper ience  t h a t  our  Center  f o r  

I n t e r n a t i o n a l  S tud ies  was subsequently e s t a b l i s h e d  and remains 

a  f l o u r i s h i n g  p a r t  of our  program a t  M.I .T .  today. Again, we 

express  our  thanks t o  t h e  h e l p  of M r .  Webb and h i s  understanding 

of how t h i s  s o r t  of t h i n g  could r e a l l y  work i n  t h e  u n i v e r s i t y  

environment . 
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M r .  Webb went back i n t o  i n d u s t r y  a f t e r  h i s  pe r iod  i n  t h e  

S t a t e  Department b u t  soon was c a l l e d  again  t o  t h e  government, 

and t h i s  t ime,  a s  you know, t o  be t h e  Administrator  of t h e  

Nat ional  Aeronautics and Space Administrat ion.  Here h i s  under- 

s t a n d i n g  of p o l i t i c a l  p rocess ,  h i s  s k i l l  i n  d e a l i n g  wi th  pro- 

f e s s i o n a l  people,  and h i s  devotion t o  t h e  p u b l i c  s e r v i c e ,  p lus  

h i s  e x t r a o r d i n a r y  pe rcep t ion  and understanding of how our uni- 

v e r s i t i e s  o p e r a t e ,  how t o  p r o t e c t  t h e i r  i n t e g r i t y ,  how t o  f i n d  

ways i n  which they can be of s e r v i c e  t o  t h e  government i n  pro- 

grams such a s  t h e  space program, has permi t ted  him t o  make a 

very g r e a t  c o n t r i b u t i o n .  

So we have many reasons t o  be d e l i g h t e d  t o  welcome M r .  

Webb h e r e  i n  t h i s  academic environment and on t h i s  occas ion .  

J. R. K i l l i a n ,  Jr. 
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MR. JAMES E .  WEBB 

I do th ink  i,t i s  extremely impor tant  t h a t  a s s o c i a t i o n s  

among men permit  them t o  l e a r n  from each o t h e r  how t o  move 

forward wi th  l a r g e  endeavors which have d i f f e r e n t  requirements  

from smal l  endeavors.  I t  was D r .  Jeome Wiesner who telephoned 

me i n  Oklahoma where I was s i t t i n g  on t h e  p la t fo rm of a  Chamber 

of Commerce Friday Forum honoring Senator  Robert S .  Kerr,  and 

s a i d , t h a t  P r e s i d e n t  Kennedy and Vice P r e s i d e n t  Johnson would 

l i k e  me t o  come t o  Washington t o  t a l k  about  heading up a space 

agency. I t  was t h e  p r e s e n t  Sec re ta ry  of Defense, M r .  Clark 

C l i f f o r d ,  t o  whom I appealed t o  g e t  me o u t  of  t h e  job s o  I 

would n o t  have t o  t ake  it. He laughed and s a i d ,  "Well, I have 

been recommending you." So, i n  a  way, t h e s e  a s s o c i a t i o n s  t h a t  

come from common exper iences  of examining va r ious  needs of t h e  

n a t i o n ,  of t r y i n g  very hard  t o  c r e a t e  a d d i t i o n a l  s t r e n g t h  w i t h i n  

t h e  economic, s o c i a l  and p o l i t i c a l  s t r u c t u r e s  of our  n a t i o n  a s  

we go about  l a r g e  endeavors a r e  what I th ink  I cher i sh .  

I f  I have added anything t o  t h e  understanding of how t o  

worlr with u n i v e r s i t i e s ,  how t o  provide s u b s t a n t i a l  resources  

wi thout  impair ing  t h e i r  a b i l i t y  t o  grow s t r o n g e r  f o r  t h e i r  own 

purposes,  it i s  because I have had t h i s  oppor tun i ty  of a s soc ia -  

t i o n  wi th  men l i k e  D r .  K i l l i a n ,  D r .  Wiesner and another  h e r e ,  

D r .  J e r r o l d  Zacharias .  I t  i s  because I have been very f o r t u n a t e  

t o  f i n d  men l i k e  D r s .  Hugh Dryden and Robert Seamans, who have 



added a component of p o l i c y  judgment t o  t h e  d a i l y  dec i s ions  t h a t  

had t o  be made. I t  i s  because a l l  of us had t h e  good judgment 

t o  reach o u t  t o  a man l i k e  D r .  Fred Whipple, from another  i n s t i -  

t u t i o n ,  may I say ,  he re  i n  Cambridge, when overzealous d e s i r e s  

t o  c l a s s i f y  informat ion  impor tant  t o  r e sea rch  should have been 

s u b j e c t e d  t o  sea rch ing  i n q u i r y .  D r .  Whipple showed those  who 

were i n  my view somewhat overzealous t h a t  t h e  mathematics of 

t h e  s i t u a t i o n  j u s t  d i d  n o t  suppor t  them. I th ink  t h i s  was a 

very r e a l  c o n t r i b u t i o n ,  b u t  it a l s o  added a component of 

knowledge, of wisdom, of judgment i n  how t o  d e a l  with impor tant  

ma t t e r s  t h a t  r e l a t e  t o  t h e  freedom of s c i e n t i f i c  i n q u i r y ,  t o  

t h e  oppor tuni ty  on u n i v e r s i t y  campuses t o  proceed wi th  t h e  work 

t h e  n a t i o n  needs done i n  c l o s e  a s s o c i a t i o n  wi th  graduate  educa- 

t i o n ,  and n o t  t o  b u i l d  circumscribed barbwire-enclosed endeavors 

un less  they a r e  r e a l l y  and t r u l y  necessary.  

I could mention o t h e r s  from o t h e r  u n i v e r s i t i e s ,  l i k e  D r .  

A l b e r t  Kelly,  who have made g r e a t  c o n t r i b u t i o n s  t o  NASA. Pro- 

f e s s o r  Leo Goldberg has s p e n t  t h e  l a s t  two yea rs  looking f o r  

a v i a b l e  p a t t e r n  by which t h e  astronomers of  t h i s  n a t i o n  could  

work through an astronomy missions board of NASA, t o  examine 

what t h e  n a t i o n  should do over  an extended pe r iod  i n  astronomy, 

and t h e  manner i n  which space v e h i c l e s  could p lay  t h e i r  proper  

p a r t  wi th  o t h e r  appara tus  used by astronomers,  and t o  c r e a t e  

new appara tus  s o  t h a t  t h e s e  ou t s t and ing  men i n  t h e i r  f i e l d  pro- 

j e c t  t h e  needs of  t h e  na t ion .  These men a r e  prepared t o  s i t  
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and review t h e  p r o j e c t s  which we government men a r e  cons ider ing  

from c u r r e n t  funding s o  t h a t  t h e i r  own i d e a s  of what t h e  n a t i o n  

might do, o r  ought t o  do, can be modified from t h e i r  exper ience  

with t h e  ques t ion  of how many d o l l a r s  should be a l l o c a t e d  t o  a  

p r o j e c t  t h a t  one astronomer o r  group of astronomers has proposed. 

It  i s  t h i s  i n t e r a c t i o n  between long range planning,  modify- 

i n g  concepts of what ought t o  be done i n  t h e  r e a l i t y  of what 

can be done, p lus  one o t h e r  fac tor - - the  r e l a t i o n s h i p  of men of 

a c t i o n  and men of sc ience- - tha t  I b e l i e v e  i s  extremely impor tant  

i n  t h e  f u t u r e  of M.1.T and of a l l  i n s t i t u t i o n s .  I should l i k e  

t o  p o i n t  t o  an example. A t  Houston we have c r e a t e d  a  c a p a b i l i t y  

t o  r ece ive  both men and m a t e r i a l s  r e t u r n i n g  from t h e  moon, t o  

keep them i n  i s o l a t i o n  i n  a  manner s a t i s f a c t o r y  t o  t h e  Pub l i c  

Health Serv ice  s o  t h a t  t h e  h e a l t h  of t h e  n a t i o n  w i l l  n o t  be 

impaired by t h e  r e t u r n  t o  t h e  e a r t h  of harmful subs tances  o r  

d i s e a s e s ,  and then t o  permit  some hundred o r  more s c i e n t i s t s  

around t h e  world t o  r e c e i v e  p a r t s  of t h e s e  samples. I n  doing 

s o  we must maintain t h e  means by which we s h a l l  p rese rve  c e r t a i n  

p a r t s  i n  t h e  same form a s  they were rece ived  s o  t h a t  many yea r s  

from now, i f  new methods of a n a l y s i s  come about ,  t h e  samples 

w i l l  be a v a i l a b l e  f o r  t h e  u t i l i z a t i o n  of f u r t h e r  s c i e n t i f i c  

techniques.  

Now I come t o  t h e  men--a s i t u a t i o n  where on land donated 

by Rice Univers i ty ,  NASA w i l l  b u i l d  a  s t r u c t u r e  t h a t  i s  a v a i l -  
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a b l e  t o  t h e  l u n a r  and p lane ta ry  s c i e n t i s t s  where they w i l l  n o t  

need a government pass  o r  any permission from any government 

person t o  come, t o  a s s o c i a t e ,  t o  have a l i b r a r y ,  t o  have seminar 

rooms, and y e t ,  t o  s t e p  ac ross  t h e  fence ,  s o  t o  speak, o r  

through t h e  g a t e  and t o  t a l k  t o  an a s t r o n a u t  and say ,  "Say, Bud, 

what was it l i k e  up t h e r e  when you picked up t h a t  p iece  of rock?" 

o r  whatever it i s  t h a t  t h e  i n t e r a c t i o n  between t h e  man of sc ience ,  

t h e  man of  i n t e l l e c t  can have, and needs t o  have, wi th  t h e  man 

of a c t i o n .  

We have been cons ide r ing  i n  astronomy t h e  same kind of  t h i n g ,  

except  t h a t  t h e  i n t e r a c t i o n  w i l l  be a t  t h e  end of  t h e  te lemetry  

l i n k ,  assuming t h a t  we a r e  a b l e  t o  p u t  up proposed s t r u c t u r e s  

l i k e  t h e  one t e n  mi les  long f o r  r a d i o  astronomy. The importance 

f o r  astronomers us ing  t h i s  device  i s  t o  have a thorough knowledge 

of t h e  communications l i n k  and what i s  p o s s i b l e ,  what i s  n o t  

p o s s i b l e ,  and how t o  use t h e s e  new c a p a b i l i t i e s  i n  r e d i r e c t e d  

ways. Real t ime planning f o r  examination of phenomena which 

may n o t  have been preplanned i s  a very ,  very impor tant  element.  

I th ink  D r .  K i l l i a n  has po in ted  t o  t h e  e s s e n t i a l  need f o r  wisdom, 

f o r  c o r r e c t  p o l i c y ,  and then f o r  men i n  t h e  arena  of a c t i o n  t o  

s o  r e l a t e  t h e i r  a c t i v i t i e s  t h a t  they have mutual r e s p e c t  and 

confidence and t h e  work does indeed g e t  done. 

The i d e a  of  s e r e n d i p i t y  i s  c e r t a i n l y  n o t  new. I n  a p r o j e c t  

t h a t  D r .  K i l l i a n  mentioned and on which D r .  Wiesner, D r .  Lloyd 
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Berkner and o t h e r s  worked, t h e r e  was produced t h e  s c a t t e r  con- 

c e p t  of propagation f o r  communications systems which was s o  

e s s e n t i o n a l  f o r  our  m i l i t a r y  s e r v i c e s  t h a t  it was f inanced by 

a  g r a n t  of 300 odd thousand d o l l a r s  from t h e  S t a t e  Department 

t o  M . I . T .  I t  has given something of g r e a t  va lue  t o  our  n a t i o n a l  

s e c u r i t y .  I t  was a l s o ,  i n  e f f e c t ,  a  g r a n t  from Congress of 

$50 m i l l i o n  i n  t h e  form of a  blank check t o  develop t h e  s t a t e  

of t h e  a r t  of communications s a t e l l i t e s  t h a t  gave us SYNCOM 

a f t e r  we a l ready had t h e  c a p a b i l i t y  of random flow a l t i t u d e  

s a t e l l i t e s .  This ,  i n  t u r n ,  gave us a  treinendous i n c r e a s e  i n  

t h e  c a p a b i l i t y  f o r  communications a l l  around t h e  e a r t h .  Again, 

it was t h e  f a c t  t h a t  v e h i c l e s  c a r r y i n g  men i n  l a r g e  Apollo 

systems moved s o  f a s t  t h a t  we had t o  t r a n s f e r  t h e  c o n t r o l  from 

one ground s t a t i o n  t o  another ,  t h a t  l e d  us t o  t h e  d e c i s i o n  t h a t  

we must have a  s i n g l e  p o i n t  of  c o n t r o l  of t h e s e  very l a r g e ,  

complex and long d u r a t i o n  missions.  A s  t h e  e a r t h  turned,  we 

knew we had t o  have t h r e e  s t a t i o n s  a t  l e a s t  t o  mainta in  out-of- 

s i g h t  communications wi th  t h e s e  v e h i c l e s .  Furthermore, we had 

t o  have a  communications and te lemetry  system which would b r i n g  

t h e  d a t a  i n  t o  one s i n g l e  p o i n t  of c o n t r o l  where we had over- 

the-shoulder  superv i s ion  a t  t h r e e  l e v e l s ,  where one man examin- 

i n g  one a s t r o n a u t ' s  performance could i n t e g r a t e  h i s  a c t i v i t i e s  

one s t e p  up wi th  a  man looking a t  broader  systems and then one 

s t e p  up again ,  ending wi th  t h e  man i n  charge of t h e  mission.  

The system a l s o  requ i red  t h a t  a l l  men could be i n  c o n s t a n t  
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communication wi th  each o t h e r  and where i n d i v i d u a l  and genera l  

d i r e c t i o n s  could be i s s u e d  a s  needed; o r  where t h e  superv i so r s  

could,  by t u r n i n g  a  bu t ton ,  look over  t h e  shoulder  and examine 

t h e  performance of any i n d i v i d u a l  o r  group opera t ing  i n  the 

complete system. 

Two t h i n g s ,  I b e l i e v e ,  a r e  impor tant  he re .  F i r s t  of  a l l ,  

we a r e  a b l e  t o  communicate over  t h i s  system t o  any p lace  on t h e  

s u r f a c e  of t h e  e a r t h  wi th  automat ic  swi tching,  automatic  moni- 

t o r i n g  and high speed t e rmina l  equipment, g e t t i n g  a  s t a t i o n ,  

say  i n  Madagascar, i n  h a l f  t h e  time it takes  you t o  d i a l  a  l o c a l  

number. With t h i s  equipment, no human judgment i s  involved i n  

sending t h e  message whichever way around t h e  e a r t h  it can go 

b e s t ,  and wi th  t h e  monitor determining whether o r  n o t  a  c i r c u i t  

i s  degrading by a  smal l  amount a s  it feeds  d i r e c t l y  i n t o  a  com- 

p u t e r .  With 2 5  d i f f e r e n t  c o n t r a c t o r s  around t h e  world o p e r a t i n g  

t h i s  sytem, wi th  a p p l i c a t i o n  of t h i s  knowledge t o  t h e  e n t i r e  

communication system of t h e  p l a n e t  Ear th ,  we have an upgrading 

by s e v e r a l  f a c t o r s  of t h e  o v e r a l l  c a p a b i l i t y  of  t h e  human race  

t o  use an a l ready  i n  p lace  communications system. 

I n  a r e l a t e d  a r e a  you a l s o  f i n d  t h a t ,  when t h e  Gemini a s t r o -  

nau t s  b r i n g  back wonderful c o l o r  photographs of t h e  Ear th  taken 

wi th  hand-held cameras and a  petroleum e x p l o r a t i o n  company 

eng inee r  looks a t  t h e s e  p i c t u r e s  and s a y s ,  "These photographs 

t i e  t o g e t h e r  a  l o t  of o t h e r  d a t a  we have,"  they can then go t o  

t h e  p laced i n d i c a t e d  by a l l  t h e  d a t a ,  i n c l u d i n g  t h i s  overview 
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provided by t h e  Gemini photographs, and a  major d iscovery  i s  

made. This has  happened. Indus t ry  does n o t  t a l k  much about  

it,  n o t  t o  government people anyway, b u t  t h e  p o i n t  i s  t h a t  many 

of t h e  a c t i v i t i e s  involved i n  t h e s e  l a r g e  systems which opera te  

i n  khe atmosphere and i n  space make a l l  we have done b e f o r e  

much more va luable .  This  exper ience  i s  c e r t a i n l y  no t  unknown 

t o  s c i e n t i s t s  because it i s  what you a r e  doing a l l  t h e  t i m e .  

That  i s  t h e  b a s i s  of t h e  system. 

Let  me say  now t h a t  some a p p r e c i a t i o n  has been expressed 

t o  NASA f o r  t h e  suppor t  which has  come t o  t h e  Massachusetts 

I n s t i t u t e  of Technology and t o  t h e  ou t s t and ing  men and women 

who have been a t  work h e r e  i n  t h e s e  va r ious  a e r o n a u t i c a l  and 

space - re la ted  f i e l d s .  I should l i k e  t o  t u r n  it around and say ,  

"I  should l i k e  t o  express  t h e  a p p r e c i a t i o n  of t h e  United S t a t e s  

government t o  t h e s e  s c h o l a r s ,  t o  t h e s e  r e s e a r c h e r s ,  t o  t h e s e  

engineers  and t e c h n i c a l  people f o r  what they have done." I n  

f a c t ,  they have taken n a t i o n a l  resources  and converted them 

i n t o  knowledge, i n t o  understanding,  and i n t o  t h e  k ind of working 

models of appara tus  t h a t  i n d u s t r i a l  companies may then manuf ac- 

t u r e  a t  a  p r o f i t  t o  themselves and wi th  g r e a t  s e r v i c e  t o  t h e  

government. They have a l s o  advanced t h e  t h e o r e t i c a l  foundation 

on which much of t h e  f u t u r e  must rest. I n c i d e n t a l l y ,  t h e  f a c t  

t h a t  they have chosen t h e  sun a s  a  major o b j e c t  of s tudy is  a  

m a t t e r  of no smal l  importance t o  t h i s  n a t i o n  and t o  t h e  human 

r a c e .  Obviously, my time w i l l  n o t  permi t  my going i n t o  d e t a i l s  
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a s  t h e r e  a r e  s o  many o u t s t a n d i n g  men, s o  many o u t s t a n d i n g  p r o j -  

e c t s ,  a l l  of  them making major c o n t r i b u t i o n s ,  t h a t  it would t a k e  

a  very  l o n g  t i m e  f o r  me t o  e x p r e s s  a p p r e c i a t i o n  t o  a l l  o f  them. 

To mention one w i t h o u t  t h e  o t h e r  i s  something I shou ld  p r e f e r  

n o t  t o  do.  

I shou ld  on ly  l i k e  t o  s ay  t h a t  t h e  a p p r e c i a t i o n  exp res sed  

t o  IJASA shou ld  r e a l l y  run t h e  o t h e r  way. F i r s t ,  because  o f  

men l i k e  Robert  Seamans who had f i f t e e n  y e a r s  a t  M . I . T . ;  I ,  

who had a  few y e a r s  of  a s s o c i a t i o n  w i t h  t l i ese  men, d i d  have from 

them a  b a s i c  concept  and unde r s t and ing  which d i d ,  i n  f a c t ,  work 

when p u t  t o  use  i n  p r a c t i c e .  When I say  t h a t ,  I am speak ing  

o f  g r a n t s  and c o n t r a c t s  t o  u n i v e r s i t i e s  i n  t h i s  n a t i o n  of  o v e r  

h a l f  a  b i l l i o n  d o l l a r s  w i t h i n  t h e  l i f e  of  t h i s  agency and o f  

g r a n t s  and c o n t r a c t s  t o  t h i s  i n s t i t u t i o n  o f  a lmos t  a  t h i r d  o f  

t h a t  amount, some $132 m i l l i o n .  This  h a s  n o t  been a  s m a l l  m a t t e r .  

I am speak ing  now o f  t h e  f a c t  t h a t  h e r e  a t  t h i s  i n s t i t u t i o n ,  i n  

a d d i t i o n  t o  t h i s  e f f o r t  i n  a  b u i l d i n g  c a l l e d  t h e  Cen te r  f o r  

Space Research,  t h e r e  has  been b rough t  t o g e t h e r  an i n t e r a c t i n g  

group of  s o c i a l  s c i e n t i s t s  who a r e  examining many of  t h e  problems 

t h a t  s o c i e t y  f a c e s  a s  it looks  a t  t h e  use  of  t o t a l  systems 

e n g i n e e r i n g  and t o t a l  systems management p r o j e c t s .  

I f  t h e  Wright b r o t h e r s  c o n t r i b u t e d  much i n  t h e  f i e l d  o f  

aerodynamics because  t h e y  d i d  use  a  wind t u n n e l  and t h e  coup l ing  

o f  a  machine w i t h  wings and c o n t r o l  s u r f a c e s ,  t hey  a l s o  con- 
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t r i b u t e d  t o  t h e  understanding of what it means i n  a  th ree -  

dimensional c o n t r o l  environment t o  have a  machine t h a t  was s o  

cons t ruc ted  t h a t  it had enough b u i l t - i n  s t a b i l i t y  a s  t o  be 

maneuverable. I n  a  way, t h e  i n t e g r a t i o n  of t h e  c o n t r o l s  of  t h e  

Wright b r o t h e r s '  machine was t h e  main d i f f e r e n c e .  I t  i s  t h i s  

i n t e g r a t e d  type  of c o n t r o l  i n  c o n s t r u c t i n g  economic, s o c i a l ,  

and p o l i t i c a l  machines t h a t  can opera te  i n  a  t u r b u l e n t  environ- 

ment and which a r e  n o t  s o  s t a b l e  t h a t  they a r e  n o t  maneuverable, 

which I b e l i e v e  i s  one of t h e  g r e a t e s t  c o n t r i b u t i o n s  t h a t  w i l l  

come from our e f f o r t s  i n  space.  

The i n t e l l e c t u a l  concepts r equ i red  t o  move from t h e  o l d  

a e r o n a u t i c a l  concepts when I l ea rned  t o  f l y  ( I  was t o l d  when 

you h i t  bad weather ,  go down and f l y  where you can see--on t h e  

t r e e  tops ;  and very s h o r t l y  when we had t h e  ins t ruments ,  we 

were t o l d  t o  go up and f l y  where t h e r e  a r e  no rocks i n  those  

c louds)  produced a  major change i n  t h e  whole way a v i a t i o n  

developed. We have seen t h e  conversion from t h r u s t / d r a g / l i f t  

r a t i o s  t o  t h e  r a t i o  of t h r u s t  t o  i n e r t i a  which t h e  a s t r o n a u t  

has t o  cons ider .  Furthermore, t h e  new v e h i c l e  i s  o u t  of t h e  

atmosphere and i s  i n  dynamic equ i l ib r ium with r e s p e c t  t o  t h e  

Ear th .  I f  t h e  a s t r o n a u t  wants t o  change it, he must apply a 

t h r u s t  t o  overcome i n e r t i a  and he must do it very ,  very p r e c i s e l y .  

I n  t h i s ,  t h e  human mind moves a l l  t h e  way through from two- 

dimensional c o n t r o l  t o  three-dimensional  c o n t r o l ,  from t h e  l i m i t s  
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of  a v e h i c l e  opera t ing  i n  t h e  atmosphere o r  i n  t h e  water  t o  one 

wi th  almost  unl imi ted  c a p a b i l i t y  i n  a s t a t e  of dynamic e q u i l i b -  

rium beyond t h e  atmosphere. 

So, I should l i k e  t o  j u s t  leave  you wi th  t h i s  thought .  I f  

our  c i t ies  today a r e  a t u r b u l e n t  environment, i f  problems t o  

meet poverty,  need f o r  educat ion  among t h e  disadvantaged groups 

i n  our  s o c i e t y ,  b e t t e r  housing,  o r  even a b e t t e r  way t o  b r i n g  

t h e  1300 j u r i s d i c t i o n s  t h a t  you can s e e  from t h e  top  of t h e  

Empire S t a t e  Bui ld ing  i n  New York Ci ty  t o g e t h e r  i n t o  a v i a b l e  

p a t t e r n  of o p e r a t i o n  and coordinated  a c t i v i t y ,  then it i s ,  I 

b e l i e v e ,  t h e s e  concepts t h a t  have come o u t  of motion, o u t  of  

s i n g l e  p o i n t s  of  c o n t r o l  f o r  those  th ings  where they a r e  needed, 

f o r  a b i l i t y  of human beings t o  work with someone a t  s e v e r a l  

l e v e l s ,  looking over  t h e i r  shoulders  and applying judgment, 

t h a t  w i l l  u l t i m a t e l y  provide t h e  t o o l s  nee6ed t o  meet those  

problems. 

The Wright b r o t h e r s  s u r e l y  proved t h a t  you could f l y .  They 

a l s o  proved t h a t  you had t o  p u t  i n  enough power t o  g ive  you t h e  

l i f t  t o  g e t  o f f  t h e  ground. You d i d  n o t  achieve f l y i n g  speed 

wi thout  power. Many of our  e f f o r t s  t o  meet c u r r e n t  cond i t ions  

never  have enough power i n p u t  t o  have t h e  s l i g h t e s t  chance t o  

g e t  o f f  t h e  ground, t o  achieve f l y i n g  speed. The h a r d e s t  t h i n g  

I th ink  D r .  K i l l i a n  and h i s  a s s o c i a t e s  d e a l t  wi th  i n  t h e  e a r l y  

days of t h e  space age was how t o  g e t  enough power t o  overcome 
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i n e r t i a  and g r a v i t y  and t h e  drag of t h e  atmosphere t o  g e t  up 

t o  18,000 mi les  an hour s o  you could achieve o r b i t a l  speed. 

The f i r s t  achievement was t h e  a b i l i t y  t o  g e t  i n  t h a t  power. 

L a t e r  came t h e  tremendous problems of c o n t r o l  and guidance 

and t h e  developing of a  means by which va r ious  smal l  min ia tu r i zed  

appara tus  could s o l v e  very ,  very complex problems. When a man 

l i k e  Edwin Aldr in  works o u t  a  t h e s i s  f o r  h i s  d o c t o r a t e  degree 

on how t o  do a rendezvous whi le  moving a t  18,000 mi les  an hour 

around t h e  Ear th ,  a s  a  s t u d e n t  h e r e  a t  M . I . T . ,  g e t s  e l e c t e d  a s  

an a s t r o n a u t  and becomes a man of a c t i o n  t o  prove o u t  h i s  theory ,  

which he d i d ,  you then s e e  t h e  t r u e  n a t u r e  of these  kinds of  

r a p i d  t r a n s l a t i o n  from t h e o r e t i c a l l y  c o r r e c t  concepts i n t o  work- 

a b l e  systems t h a t  involve  man and machine t h a t  somehow we must 

know more about.  

I should l i k e  t o  mention another  ma t t e r .  The capac i ty  of 

t h e  human mind t o  understand and use t h e  fo rces  t h a t  a r e  h e r e  

i n  t h i s  universe  i s  n o t  over .  The a b i l i t y  of  man t o  f i n d  ways 

t o  cooperate  and b u i l d  i n s t i t u t i o n s  l i k e  M. I .T . ,  o r  t h e  Common- 

wealth of Massachuset ts ,  o r  our  Federa l  system i s  n o t  over .  

There i s  a need today f o r  c e n t e r s  of power f o r  good government 

o u t s i d e  government. We have thought  of a  government of  d iv ided  

powers a s  providing many checks and balances .  I n  many ways, 

t h i s  system of d iv ided  powers r e s u l t s  i n  an i n a b i l i t y  t o  achieve 

t h e  k ind  of maneuverabil i ty  and f l e x i b i l i t y  we need. We s e e  

Walter H e l l e r  us ing  t h e  t i t l e  " f i s c a l  dynamics." We have con- 
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cerned ourse lves  wi th  governments of laws and n o t  of men. Yet 

we now f a c e  t h e  s i t u a t i o n  where a  c e r t a i n  amount of i n s t a b i l i t y  

and maneuverabil i ty  must be a v a i l a b l e  and t h e r e  must be a  way 

t h a t  men can be t r u s t e d  t o  use t h e  c o n t r o l s  i n  those  machines 

i n  those  systems. 

One t h i n g  t h a t  NASA i s  doing h e r e  now i s  p ioneer ing  with 

how we c r e a t e  t h e s e  k inds  of  c a p a b i l i t i e s  o u t s i d e  t h e  government, 

For a  long time w e  worked i n  t h e  Academy of Sciences ,  through 

t h e  Space Science Board, and moved on t o  t h e  p o i n t  where they 

accepted a  g r a n t  from NASA f o r  t h r e e  Columbia Univers i ty  s c h o l a r s  

t o  s tudy t h e  b a s i c  r e sea rch  needs i n  p u b l i c  admin i s t r a t ion .  We 

have worked very c l o s e l y  wi th  t h e  new Academy of Engineering,  

and t h e r e  i s  now i n  e x i s t e n c e  an Aeronautics  and Space Engineer- 

i n g  Board which d e a l s  wi th  t h e  same problems t h e  Space Science 

Board d e a l s  wi th  f o r  t h e  Nat ional  Academy of Sciences.  

However, i n  r e a l i t y ,  how does t h e  p ro fess ion  of eng inee r ing  

opera te  w i t h i n  t h e  s t r u c t u r e  of  our  s o c i e t y ,  w i t h i n  our  corpo- 

r a t e  s t r u c t u r e ,  i n  t h e  schools  of engineer ing  and a l s o  i n  exam- 

i n i n g  t h e  l a r g e  eng inee r ing  sys  tems t h a t  government i t s e l f  must 

employ, and t h e  p r o f e s s i o n a l  problems of e t h i c s ,  of i n t e r e s t s ,  

of s t andards  and s o  f o r t h ?  There a l s o  has r e c e n t l y  been formed 

an Academy of Pub l i c  Adminis t ra t ion  and NASA has opened up t h e  

ranks of  i t s  workers and t h e  p r o j e c t s  t h a t  we have. Eminent 

s c h o l a r s  i n  t h e  p u b l i c  a d m i n i s t r a t i o n  a r e  now beginning t o  

examine how men l i k e  me do our  work because,  whi le  we r e a c t  t o  
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t h e  t h i n g s  we have t o  do every day, these  s c h o l a r s  wi th  t h e i r  

d i s c i p l i n a r y  background can i n t e r p r e t  t r u l y  what we a r e  doing 

and how it r e l a t e s  t o  t h e  p a t t e r n  of t h e  accepted theory  and 

d o c t r i n e  b e t t e r  than  we can ourse lves .  This morning i n  t h e  panel  

d i scuss ions  it was i n t e r e s t i n g  f o r  me t o  h e a r  P ro fessor  Skolnikoff  

mention t h a t  t h e r e  were c e r t a i n  young, competent, en t repreneur-  

i a l l y  o r i e n t e d  men who had spun o f f ,  a s  he s a i d ,  o u t  of t h e  

M. I .T .  l a b o r a t o r i e s  and had formed some l a r g e  number of new 

companies. He a l s o  s t a t e d  t h a t  t h e  corpora te  form of organiza-  

t i o n  was s u f f i c i e n t l y  r i g i d  i n  t h i s  country and t h a t  many s i m i l a r  

men were sp inning o f f  o u t  of t h e  l a r g e r  co rpora t ions  t o  form 

t h e i r  own companies. I th ink  a l s o  he might w e l l  ponder whether 

t h e  ex tens ion  of those  kinds of s t u d i e s  could be made t o  t h e  

e n t r e p r e n e u r i a l l y  o r i e n t e d  government a d m i n i s t r a t o r ,  such a s  

D r .  Robert Seamans' p o s i t i o n  i n  t h e  government and D r .  George 

MuePler1s p o s i t i o n  i n  charge of a  $ 3  b i l l i o n  a  yea r  segment of 

N A S A ' s  bus iness .  D r .  MacAdams' p o s i t i o n  i n  charge of a  $350 m i l -  

l i o n  segment of advanced resea rch  and technology development and 

h i s  predecessor ,  D r .  Raymond Bisp l inghof f ,  now head of your 

Department of Aeronautics and As t ronau t i c s ,  might a l s o  be  s u b j e c t  

t o  t h e  same type of s tudy.  We should s tudy how NASA can b e s t  

use 2 0 0  p r o j e c t  managers o p e r a t i n g  a t  a  mul t i -mi l l ion  d o l l a r  

l e v e l ,  whi le  f inanc ing  another  2 0 0  i n  i n d u s t r y  a l s o  o p e r a t i n g  

a t  a  mul t i -mi l l ion  d o l l a r  l e v e l ,  and b r i n g  t h e s e  400 men t o g e t h e r  
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i n  t h e  t o t a l i t y  of an eng inee r ing  system opera ted  i n  a  f i s h  bowl 

atmosphere With TV cameras on them and s t i l l  be a b l e  t o  e x p l a i n  

t o  Congress and t o  t h e  newspaper men what it i s  they a r e  doing, 

why they a r e  doing it, and why it ought t o  be  done t h a t  way. 

L e t  me g ive  you one q u o t a t i o n  from M r .  Rufus Miles ,  who 

was wi th  me i n  t h e  Bureau of t h e  Budget, went on t o  be A s s i s t a n t  

Sec re ta ry  i n  t h e  Department of Health,  Education and Welfare,  

and i s  now a t  t h e  Woodrow Wilson School i n  P r ince ton .  Speaking 

of t h e  s o c i a l  s e t t i n g  of t h e  day and t h e  need f o r  something more 

than s p e c i a l i z a t i o n  and d i v i s i o n  of work, o r  indeed t h e  p r e s e n t  

p a t t e r n  of theory  and d o c t r i n e  i n  t h e  f i e l d  of admin i s t r a t ion  

and management, he s a i d :  

" S p e c i a l i s t s  must be organized,  l e d  and given t h e  
oppor tuni ty  t o  be f r e e  and c r e a t i v e  by persons i n  
our  s o c i e t y  who perform t h e  r o l e  of weaving t h e  
work of t h e  e x p e r t s  i n t o  a  meaningful p a t t e r n .  I f  
t h e  s p e c i a l i z e d  occupations a r e  t h e  warp of t h e  
f a b r i c  of our  s o c i e t y ,  then  t h e  p o l i t i c i a n s ,  t h e  
p u b l i c  a d m i n i s t r a t o r s  , t h e  phi losophers ,  t h e  c le rgy  
and t h e i r  a s s o c i a t e s  a r e  t h e  woof. When t h e  warp of 
a  f a b r i c  i s  s t r o n g  and t h e  woof i s  weak, i t  qu ick ly  
becomes f rayed .  " 

I am n o t  going t o  t a l k  much longer ,  b u t  I should l i k e  t o  

t u r n  now t o  how it seems t o  me men i n  u n i v e r s i t i e s ,  working wi th  

men i n  t h e s e  l a r g e  under takings ,  might th ink  more about  t h e  n e x t  

t h i n g s  t o  do. My f a t h e r ,  a s  some of you have heard  me say ,  used 

t o  always s a y ,  "The most va luab le  man i s  t h e  one who knows what 

t o  do nex t .  " The phrase  was used t h i s  morning by, I t h i n k ,  D r .  

Bridge when he s a i d ,  "How do we i n t e r p r e t  t h e s e  data?"--meaning 
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t h e  d a t a  t h a t  he was g e t t i n g  from space v e h i c l e s  which was q u i t e  

l a r g e  i n  amount. Also he s a i d ,  "Much remains t o  be done theo- 

r e t i c a l l y  and exper imenta l ly  t o  be ab le  t o  i n t e r p r e t  t h e  da ta . "  

A g r e a t  d e a l  of d a t a  i s  a v a i l a b l e  from these  l a r g e  systems t h a t  

have been opera ted  s u c c e s s f u l l y ,  from OPA dur ing  World War I1 

a l l  t h e  way through t h e  Marshal l  Plan,  t h e  va r ious  systems f o r  

b u i l d i n g  b a l l i s t i c  miss i l e s ,  and NASA. We have a l a r g e  amount 

of d a t a ,  b u t  much remains t o  be done t h e o r e t i c a l l y  and exper i -  

menta l ly .  I t  seems t o  me f u r t h e r  t h a t  those  of us i n  t h e  bus i -  

n e s s  need t o  do what I b e l i e v e  D r .  Kraushaar s a i d ,  "We must 

produce t h e  evidence t h a t  we know what we a r e  doing, o r  a t  l e a s t  

t h a t  we know what we a r e  claiming t o  do." 

I t  seems t o  me t h e r e  a r e  d a t a  which t h e o r e t i c a l  model 

b u i l d e r s  i n  u n i v e r s i t i e s  need t o  check a g a i n s t  t h e  anthropo- 

l o g i c a l  types  of observers .  To suppor t  t h e s e  s t u d i e s ,  NASA 

and AEC have opened t h e i r  whole range of opera t ions  and t h e i r  

o f f i c i a l s  t o  r e spons ib le  s c h o l a r s  working on respons ib le  p r o j e c t s .  

We have a very i n t e r e s t i n g  s tudy j u s t  s t a r t i n g  by Ambassador 

Foy Kohler who r e c e n t l y  r e tu rned  from Moscow. He was Under 

Sec re ta ry  of S t a t e ,  r an  t h e  Voice of America when it was a  

$ 1 0 0  m i l l i o n  opera t ion ,  and s o  he understands something of t h e  

problems of t h e  a d m i n i s t r a t o r .  He i s  going t o  devote t h r e e  yea r s  

t o  a  s tudy of what t h e  Russians have rece ived  from t h e i r  space 

program i n  comparison wi th  what they hoped t o  r e c e i v e ,  and 

compare t h a t  wi th  what t h e  United S t a t e s  has rece ived.  I th ink  
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t h i s  i s  going t o  be  a  very i n t e r e s t i n g  s tudy.  I t  seems t o  me 

t h a t  we need t o  do more of t h i s  i n  an i n t e r a c t i o n  r e l a t i o n s h i p  

between s c h o l a r s  i n  u n i v e r s i t i e s  and a c t i o n  programs, p a r t i c u -  

l a r l y  wi th  some h i s t o r i c a l  e v a l u a t i o n  a g a i n s t  t h i n g s  l i k e  t h e  

OPA, which was a  remarkably e f f e c t i v e  o r g a n i z a t i o n  f o r  s e v e r a l  

y e a r s ,  b r i n g i n g  t h e  i n f l a t i o n a r y  s p i r a l  down t o  about  a  two 

1)ercent p r i c e  i n c r e a s e  dur ing  t h e  war. Many people do n o t  know 

t h e  d i f f i c u l t y  of  t h a t  o rgan iza t ion  o r  t h e  t h i n g s  we used t h a t  

made it e f f e c t i v e .  

A s  t o  t h e  second t e n  yea r s  of t h e  space age, I can say  

t h i s .  F i r s t  of  a l l ,  t h e  funding has continued f o r  t h e  approved 

p r o j e c t s  l i k e  Apollo. We do have t h e  money t o  proceed t o  f l y  

o u t  t h e  n ine  Sa tu rn  V missions t h a t  we expect  t o  accomplish 

between now and t h e  end of 1969. The f a c t  t h a t  w e  could f l y  

a  f i r s t  Sa turn  V mission and have it come o u t  s o  p e r f e c t l y  from 

launch r i g h t  on t h e  second and recovery a t  t h e  end of a  d r i v i n g  

re -en t ry  i n t o  t h e  E a r t h ' s  atmosphere a t  a lmost  l u n a r  r e t u r n  

speeds on t h e  f i r s t  f l i g h t  of t h i s  g i a n t  v e h i c l e  was, I b e l i e v e ,  

q u i t e  remarkable and a  g r e a t  t r i b u t e  t o  D r .  S t a r k  Draper and 

h i s  a s s o c i a t e s  he re  who d i d  t h e  guidance system. The f a c t  t h a t  

on t h e  f i r s t  t e s t  of t h a t  appara tus  they went some 18,000 mi les ,  

re -entered  t h e  E a r t h ' s  atmosphere, turned over  when they hea ted  

up, skipped o u t  aga in ,  and went another  1 0 0 0  miles  and landed 

j u s t  a  very s h o r t  d i s t a n c e  from t h e  expected p o i n t  of impact 

a f t e r  t h i s  second re -en t ry ,  i s  an i n d i c a t i o n  of t h e  c a p a b i l i t y  
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which has  been b u i l t  i n t o  t h i s  equipment by t h e  work of t h e  

u n i v e r s i t y  and of i n d u s t r y .  The f a c t  t h a t  t h e  second f l i g h t  

of t h e  capsule  worked s o  p e r f e c t l y  on t h e  f i r s t  f l i g h t  of t h i s  

~ i a n t  rocke t  was a l s o  extremely important .  

Now, however, we come t o  t h e  second f l i g h t  of Sa tu rn  V 

when we had t r o u b l e s .  We had t r o u b l e s  wi th  t h e  b i g  hydrogen 

engines .  We had a  Pogo e f f e c t ,  a  f ive -cyc le  p e r  second o s c i l -  

l a t i o n  coming from t h e  very l a r g e  F-1 engines .  I am s u r e  you 

a l l  know t h a t  those  f i v e  engines d r ink  p r o p e l l a n t  a t  t h r e e  tons  

p e r  second and d e l i v e r  about  t h e  amount of power of 6000 Boeing 

707 a i r p l a n e s  a t  c r u i s e  speed. This  i s  a  g i a n t  a p p l i c a t i o n  of 

power and t h e  engines d i d  come i n t o  synchroniza t ion .  They d i d  

produce a  c e r t a i n  Pogo e f f e c t ,  l o n g i t u d i n a l  o s c i l l a t i o n s ,  and 

everyone thought  t h e  engines i n  t h e  second s t a g e  were broken 

a p a r t  by t h a t  o s c i l l a t i o n .  We had enough ins t rumenta t ion  t o  

prove, and enough ground l abora to ry  a b i l i t y  t o  reproduce on t h e  

ground, t h e  f a c t  t h a t  t h a t  was n o t  t h e  cause a t  a l l .  I t  was a  

s imple f a i l u r e  of a  three-e ighths  inch  f u e l  l i n e  t h a t  was ca r ry -  

i n g  a  l a r g e  amount of  hydrogen under heavy p r e s s u r e ,  a t  about  

1 0 0  t o  125 mi les  an hour through t h a t  l i n e .  The break was n o t  

due t o  t h e  v i b r a t i o n .  However, 36 s t o r i e s  up from t h e  bottom 

t h e r e  was a  l a t e r a l  conversion of t h i s  Pogo e f f e c t  i n t o  f o r c e s  

t h a t  d i d ,  i n  f a c t ,  break p a r t  of  t h e  rocke t  o f f .  We have p ic-  

t u r e s  of p a r t i c l e s  f a l l i n g  o f f  t h i s  g i a n t  rocke t  a s  an a i r p l a n e  
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went r i g h t  up wi th  it and took t h e  p i c t u r e s  whi le  t h e  r o c k e t  

was about  50 o r  60  m i l e s  above t h e  e a r t h .  The p o i n t  i s  t h a t  

t h e  payload went on and we succeeded i n  accomplishing much 

i n c l u d i n g  b r i n g i n g  t h e  payload back, and w e  l ea rned  a g r e a t  

d e a l  from it. 

Our Apollo program team now has  s u f f i c i e n t  knowledge of 

how t h e  system works and enough a n a l y t i c a l  c a p a b i l i t y  t o  t ake  

t h e  readings  from those  ins t ruments  and t o  p lace  be fo re  me t h e  

recommendation t h a t  we p u t  men on t h e  n e x t  f l i g h t  of t h a t  b i g  

r o c k e t  even a f t e r  t h e  f a i l u r e  of two engines i n  t h e  f i r s t  s t a g e ,  

one engine i n  t h e  t h i r d  s t a g e ,  and t h i s  p iece  dropping o f f  t h e  

rocke t .  So, i f  anybody wants t o  t a k e  over  t h e  r e s p o n s i b i l i t y  

of making t h a t  d e c i s i o n ,  i t ' s  a l l  r i g h t  wi th  me. The t e c h n i c a l  

crew has s t r o n g l y  recommended t h a t  t h e  n e x t  f l i g h t  of t h a t  

rocke t  be wi th  men on it. 

I should  l i k e  simply t o  p o i n t  o u t  t h a t  t h i s  c a p a b i l i t y  

e x i s t s  a t  t h e  beginning of  t h e  second t e n  y e a r s  and t h a t  we 

have a s  a  n a t i o n  now n o t  t h e  t e r r i b l e  i n a b i l i t y ,  b u t  t h e  a b i l -  

i t y ,  t o  t r u l y  do what t h e  world expected us t o  do t e n  yea r s  ago 

a f t e r  Sputnik.  We a r e  n o t  proceeding a t  t h e  same pace a s  t h e  

USSR. They a r e  devot ing  about  twice a s  l a r g e  a  p o r t i o n  of t h e i r  

GNP a s  we a r e  t o  t h e s e  a e r o n a u t i c a l  and space a c t i v i t i e s .  They 

a r e  f l y i n g  a t  a  much a c c e l e r a t e d  r a t e .  They a r e  f l y i n g  more 

l a r g e  payloads than we a r e .  They a r e  t r y i n g  t o  go t o  t h e  p l a n e t s  
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about  t h r e e  t imes f o r  each one mission t h a t  w e  undertake.  Also 

they a r e  b u i l d i n g  a rocke t  system l a r g e r  than  t h e  Sa tu rn  V which 

i s  a very l a r g e  r o c k e t  system. 

I l eave  you w i t h  t h i s  thought  t h a t ,  a l though t h e  budgetary 

s i t u a t i o n  i s  such t h a t  t h e  P r e s i d e n t  has n o t  recommended, nor  

has Congress approved, t h e  continued build-up t o  t h e  planned 

r a t e  of s i x  Saturn  V ' s  and s i x  Sa tu rn  1 L B ' s  a yea r ,  has  n o t  

approved t h e  forward missions t o  t h e  p l a n e t s  and t h e  development 

of f u r t h e r  manned space c a p a b i l i t y  beyond Apollo, t h e r e  i s  a 

c a p a b i l i t y  t o  match what has  t o  be  matched. Much of t h a t  r e s t s  

i n  i n s t i t u t i o n s  l i k e  M. I .T .  I f  it is  necessary t o  do t h e  job 

we have t o  do i n  t h e  world, t o  p r o t e c t  our  v i t a l  i n t e r e s t s ,  t o  

p reven t  be ing denied e n t e r i n g  i n t o  and having access  t o  t h e  

space environment, it can be  done from t h e  base  we have. But 

it would be a mistake t o  say  t h e  p r e s e n t  programs w i l l  do i t  

o r  a r e  doing it. We a r e  dropping behind. The programs f o r  t h e  

f u t u r e  a r e  n o t  be ing funded. There i s  going t o  be a h i a t u s  of  

f l i g h t  under t h e  k ind of cond i t ions  wi th  which we a r e  faced.  

Yet t h e  po l i cy  of NASA a t  t h e  beginning of t h i s  new t e n  yea r s  

i s  t o  p u t  i n c r e a s i n g  amounts of funding i n t o  t h e  advanced resea rch  

and technology f i e l d s  and n o t  t o  squeeze t h e s e  funds a s  t h e  oper- 

a t i o n a l  systems a r e  be ing underfinanced. Our purpose i s  t o  be  

a b l e  t o  make t h e  new and b e t t e r  systems of  t h e  f u t u r e  r e s t  on 

modern technology and n o t  on an obso lescen t  technology. Again, 

it may be even more impor tant  i n  a time when t h e  funding is  going 
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down. To g ive  you an i l l u s t r a t i o n  of what I mean, t h e  t o t a l  

work f o r c e  b u i l t  up from about  75,000 some seven yea r s  ago t o  

420,000. We have l a i d  o f f  1 4 0 , 0 0 0  people o u t  of t h a t  group. 

We have disbanded one- th i rd  of  t h e  work f o r c e  i n  t h e  space 

program w i t h i n  t h e  l a s t  two y e a r s ,  b u t  a t  t h e  very l e a s t  it i s  

impor tant  i n  a  country of t h i s  k ind  t o  mainta in  t h e  c a p a b i l i t y  

t o  b u i l d  up again .  So l e t  me say  t h a t  I b e l i e v e  M.I.T.  has 

made tremendous c o n t r i b u t i o n s  from t h e  f i r s t  t e c h n i c a l  r e p o r t  

of NASA i n  1915, which was based on work a t  M . 1  .T. and s igned 

by Jerome Hunsaker, u n t i l  today and t h i s  i n s t i t u t i o n  has  played 

a  major p a r t  i n  t h e  n a t i o n ' s  advances. I t  w i l l  cont inue  t o  do 

so .  I t s  work i s  admit tedly  more impor tant  than  i f  we were 

p lanning t o  land on Mars i n  1973 o r  1975 i f  we had t h e  funds, 

because when we do decide  t o  go t o  and land on Mars, we s h a l l  

have a  b e t t e r  system because of t h e  work be ing  done he re .  

Le t  m e  thank you again  and t o  say  I am d e l i g h t e d  t o  be he re  

t o  h e l p  d e d i c a t e  t h i s  b u i l d i n g .  However, t h e  apprec ia t ion  should 

run from t h e  government, from t h e  taxpayers  i f  you p l e a s e ,  t o  

M.I .T.  and t h e  f a c u l t y  and the engineers  and t h e  people ,  t h e  

t e c h n i c i a n s  i n  t h e  l a b o r a t o r i e s  h e r e ,  r a t h e r  than t h e  o t h e r  

way. 

J. E.  Webb 
A p r i l  25, 1968 



MR. HOWARD W .  JOHNSON 

M r ,  Webb, I th ink  I speak f o r  everybody i n  t h i s  room when 

I say  we want t o  t ake  t h i s  occas ion ,  i n  p a r t ,  t o  s a l u t e  you and 

t o  pay t r i b u t e  t o  t h e  d e d i c a t i o n  and l e a d e r s h i p  t h a t  you have 

given t o  t h e  whole f i e l d  of space sc ience  and t o  t h e  i n t e r e s t s  

and t h e  a c t i v i t i e s  of young people i n  t h i s  f i e l d .  The example 

of your p u b l i c  s e r v i c e  s t ands  be fo re  us a s  an excep t iona l ly  

high s t andard  of t h e  l e v e l  of our  commitment and t h e  degree of 

exce l l ence  t h a t  we wish t o  b r i n g  t o  this chal lenge .  And s o  it 

i s  wi th  g r e a t  p leasure  t h a t ,  i n  speaking on behal f  of t h e  

I n s t i t u t e  community i n  welcoming our  new home f o r  space resea rch ,  

we a l s o  s a l u t e  you and your col leagues  a t  NASA. 

I t  was j u s t  f i v e  yea r s  ago t h a t  t h i s  Center  was formally 

organized a t  M.I .T.  and, a s  D r .  K i l l i a n  has poin ted  o u t ,  t h e  

f i e l d  i t s e l f  i s  only a  decade o l d .  Space r e p r e s e n t s  a  resource  

t h a t  opens f o r  mankind an e n t i r e l y  new hor izon of awareness 

and in f luence  and p o t e n t i a l .  I t  i s ,  and w i l l  cont inue  t o  be 

f o r  some t i m e ,  something s t r i k i n g l y  new and ex t raord ina ry .  Yet 

our  approach t o  space resea rch  i s  grounded f i rmly  i n  t h e  h i s t o r y  

and t h e  t r a d i t i o n  of t h i s  I n s t i t u t e .  I r e f e r  he re  t o  t h e  approach 

of technology: t h e  imaginat ive  a p p l i c a t i o n  of resources--human 

and physica l - - to  t h e  s o l u t i o n  of man's needs and t o  t h e  f u l f i l l -  

ment of h i s  dreams. Inc reas ing ly  a t  M. I .T . ,  t h i s  approach has 

taken t h e  form of in te rdepar tmenta l  l a b o r a t o r i e s  and c e n t e r s  a s  



w e l l  a s  t h e  t r a d i t i o n a l  departments ,  where a  v a r i e t y  of s k i l l s ,  

p e r s p e c t i v e s ,  ideas  and concerns can be  brought  t o  b e a r  on com- 

p l e x  i s s u e s .  

A s  you know, t h e  f i r s t  dramat ic  example of t h i s  k ind  was 

t h e  I n s t i t u t e ' s  Radia t ion  Laboratory dur ing  World War 11, By 

drawing t o g e t h e r  p h y s i c i s t s ,  e l e c t r i c a l  eng inee r s ,  mathematicians, 

b i o l o g i s t s ,  chemists ,  a r c h i t e c t s  and h i s t o r i a n s ,  t h e  I n s t i t u t e  

c r e a t e d  a  new kind of i n t e l l e c t u a l  f o r c e  t h a t  was a p p l i e d  t o  

t h e  problems and t o  t h e  developments of r a d a r  i n  t h e  1 9 4 0 ' s .  

The impact of  t h a t  i n t e l l e c t u a l  f o r c e  i n  t h e  form of  alumni of 

t h e  Laboratory i s  s t i l l  s t r o n g l y  f e l t  throughout t h e  world of 

technology, and many of those  men a r e  he re  today. The Laboratory 

had taken on a t a s k  t h a t  was n o t  l i m i t e d  by s c i e n t i f i c ,  by 

t echno log ica l ,  nor  even by p o l i t i c a l  b a r r i e r s .  I t s  performance, 

i n  a  r e a l  sense ,  was a  measure of t h e  va lue  of m u l t i - d i s c i p l i n a r y  

d ia logue  and resea rch .  

Following t h e  war, t h e  i d e a s ,  t h e  men, and t h e  resources  

of t h e  Radiat ion Laboratory were t r a n s l a t e d  and transformed i n t o  

o t h e r  l a b o r a t o r i e s ,  such a s  t h e  Research Laboratory of E l e c t r o n i c s ,  

which cont inues  t o  be an innova t ive  c e n t e r  l o c a t e d  a t  t h e  i n t e r -  

f a c e  of t h e  p h y s i c a l  and t h e  l i f e  s c i e n c e s .  Today, RLE i s  one 

of many i n t e r d i s c i p l i n a r y  c e n t e r s  which combine l i v e l y  academic 

theory  wi th  exper imenta t ion ,  and b r i n g  f a c u l t y  and s t u d e n t s  i n t o  

an a c t i v e  p a r t n e r s h i p  f o r  developing new concepts ,  new approaches 

and, i n  t h e  end, new b e n e f i t  f o r  mankind. 
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And s o  w e  s e e  major i n t e r d i s c i p l i n a r y  a c t i v i t y  c a r r i e d  on 

a t  t h e  Lincoln and Ins t rumenta t ion  Labora tor ies  and, on t h e  

campus, a t  t h e  Center  f o r  Mate r i a l s  Science and Engineering, 

t h e  Laboratory f o r  Nuclear Science,  t h e  new Urban Systems 

Laboratory and, of course,  our  new Center  f o r  Space Research, 

now t a k i n g  i t s  p lace  wi th  t h e s e  l a b o r a t o r i e s  i n  new, handsome 

surroundings.  

The o p p o r t u n i t i e s  a f fo rded  by this new b u i l d i n g  a r e  very 

r e a l  : t h e  l abora to ry  space ,  t h e  f a c i l i t i e s  and t h e  instrumenta-  

t i o n .  But t h e r e  i s  a l s o  a  symbolic value t o  t h i s  Center  a s  a  

phys ica l  e n t i t y .  We look forward t o  t h e  f u r t h e r  c o n t r i b u t i o n s  

i n  educat ion  and resea rch  which our concerns wi th  o u t e r  space 

w i l l  be a b l e  t o  make p o s s i b l e  because of t h i s  new f a c i l i t y .  I n  

a  symbolic way, t h i s  b u i l d i n g  w i l l  s e t  a  new s tandard  f o r  h i g h e r  

M.I .T .  performance and achievement. By drawing t o g e t h e r  people 

from t h e  phys ica l ,  t h e  s o c i a l  and t h e  l i f e  s c i e n c e s ,  from engineer-  

i n g  and from management, t h i s  Center w i l l  be  a b l e  t o  focus n o t  

only on t h e  conceptual  and t h e  t e c h n i c a l  a s p e c t s  of our  space 

e f f o r t ,  b u t  w i l l  be a b l e  t o  address  t h e  economic and t h e  s o c i a l  

repercuss ions  t h a t  surround t h e  e x p l o r a t i o n  of  space .  

I want t o  s t r e s s  t h a t  we have our  eye on t h e  long run i n  

t h i s  f i e l d  a s  w e l l  a s  t h e  s h o r t  run.  We look beyond t h e  moon, 

and we a r e  i n  t h i s  a c t i v i t y  t o  s t a y .  

This broad p e r s p e c t i v e  r e p r e s e n t s  an e s p e c i a l l y  impor tant  

focus f o r  our  i n t e r e s t s  i n  space resea rch ,  a s  it does i n  o t h e r  
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f i e l d s .  There a r e  o t h e r  impor tant  problems f o r  t h e  country i n  

which we hope t o  be deeply involved,  b u t  t h i s  remains an impo- 

t a n t  and e x c i t i n g  f r o n t i e r  f o r  us .  The achievement of success  

i n  t h i s  f i e l d  w i l l  n o t  proceed wi thou t  cons ide ra t ion  of a l l  of 

t h e  changes i m p l i c i t  i n  t h e  t e c h n i c a l ,  t h e  economic, t h e  p o l i t i c a l  

a s  w e l l  a s  t h e  n a t u r a l  ecology w i t h i n  which it opera tes .  For 

c e n t u r i e s  s c i e n t i f i c  experiments have a l t e r e d  t h e  environment 

they  were designed t o  exp lo re ,  b u t  t h e s e  a l t e r a t i o n s  were minute. 

They d i d  n o t  upse t  t h e  ba lance;  they d i d  n o t  a f f e c t  t h e  t o t a l  

system. Today, t h e  advance of technology and t h e  s c a l e  of exper- 

imenta t ion  a r e  very o f t e n  a s  t h r e a t e n i n g  a s  they a r e  en l igh ten ing .  

And it i s  t h i s  broad v i s i o n ,  t h e  t o t a l  p i c t u r e ,  which t h e  Center 

r e p r e s e n t s  i n  i t s  m u l t i d i s c i p l i n a r y  dimensions t h a t  i s  v i t a l  

and necessary  t o  our  f u t u r e .  

There i s  s t i l l  another  dimension t o  t h e  Center f o r  Space 

Research. It  i s  a source  of s t eady  sc ience .  To be s u r e ,  t h e r e  

i s  g r e a t  drama and a s p e c i a l  g lo ry  t o  any f i r s t  launch--the 

sudden d iscovery  and t h e  sense  of cap tu r ing  new knowledge. A h 1  

of us s h a r e  i n  t h a t  k ind  of t h r i l l ,  b u t  t h a t  i s  only one a s p e c t ,  

one impor tant  focus of a v a s t  program t h a t  i s  backed by t h e  

s t eady  pu l se  of s c i e n t i f i c  exce l l ence .  I t  i s  t h e  f i r s t  s t e p  

i n  a l a r g e r ,  more d i f f i c u l t  p rocess ,  i f  you w i l l .  I r e f e r ,  of 

course ,  t o  t h e  mul t i tude  of extended uses of space s c i e n c e ,  t h e  

e n d l e s s  by-products and s p i n - o f f s  of our  space e f f o r t .  Thei r  

impact and t h e i r  e f f e c t  on our  l i v e s  may be l e s s  dramat ic  b u t  
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no l e s s  important  than space f l i g h t  i t s e l f .  Already we s e e  new 

developments i n  s a t e l l i t e  communication, i n  weather  f o r e c a s t i n g  

and i n  man/computer communications which have g r e a t  educa t iona l ,  

commercial and medical va lue  and p o t e n t i a l .  I t  has  been p r e d i c t e d  

t h a t  m i n i a t u r i z a t i o n  techniques developed i n  t h e  space program 

may make it  p o s s i b l e  t o  reduce a room-size a r t i f i c i a l  kidney 

machine t o  t h e  s i z e  of t h e  a c t u a l  organ. 

There a r e  numerous o t h e r  examples of how b a s i c  r e sea rch ,  

fundamental t o  t h e  space program, has had e a r t h l y  and p r a c t i c a l  

r e s u l t s .  I th ink  we a r e  going t o  s e e  many of t h e s e  i n  t h e  yea r s  

ahead. This  i s  what I mean by s t eady  science-- the c r e a t i o n  of 

new knowledge t h a t  w i l l  enable  us t o  pursue ends t h a t  a r e  n o t  

n e c e s s a r i l y  l inked  wi th  our  i n i t i a l  space goa l s .  

F i n a l l y ,  t h e r e  a r e  t h e  people behind t h e  whole program. 

Here i n  t h e  Center f o r  Space Research--as i n  t h e  a s s o c i a t e d  

e n t e r p r i s e s  and o t h e r  l a b o r a t o r i e s  and c e n t e r s - - t h e i r  e f f o r t ,  

t h e i r  devotion and t h e i r  example t o  s t u d e n t s  i s  t h e  most impor- 

t a n t  a s p e c t  of our  c u r r e n t  e f f o r t  and of our  a s p i r a t i o n  f o r  t h e  

f u t u r e .  

Explora t ion ,  s c i e n c e ,  engineer ing ,  human knowledge--to 

these  broader  purposes we ded ica te  today M . I . T . ' s  new Center  

f o r  Space Research. We ded ica te  it t o  t h e  men and women who 

b r i n g  t h e i r  pe r spec t ives  and i d e a s  and who l e a r n  from t h e  in-  

s i g h t s  genera ted  from c o l l a b o r a t i v e  e f f o r t .  To those  who have 
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opened t h i s  e x c i t i n g  f r o n t i e r ,  we promise t h e  f r e s h  resources  

of a  new genera t ion ,  and t o  our  s t u d e n t s  we promise t h e  end less  

exci tement  of new discovery.  

H. W .  Johnson 
A p r i l  2 5 ,  1968 



PROFESSOR JOHN V. HARRINGTON 

I th ink  t h a t  whi le  P r e s i d e n t  Johnson has  e loquen t ly  responded 

t o  M r .  Webb and accepted our new b u i l d i n g  which w i l l  house many 

of t h e  a c t i v i t i e s  of t h e  new Center  f o r  Space Research, may I 

j u s t  f o r  a  moment supplement h i s  remarks and speak,  n o t  s o  much 

f o r  M.I .T .  b u t  f o r  t h e  l a r g e  con t ingen t  of us who a r e  housed i n  

t h e  b u i l d i n g  and whose resea rch  i s  encouraged and s t i m u l a t e d  by 

t h e  p rov i s ion  of such f i n e  new f a c i l i t i e s .  

A s  has  been po in ted  o u t  s e v e r a l  t imes,  M . I . T . ' s  cont r ibu-  

t i o n s  t o  t h e  n a t i o n a l  space program extend w e l l  back i n  t ime 

beyond t h e  conception of our  Center .  But t h e s e  c o n t r i b u t i o n s  

were n e i t h e r  l i m i t e d  t o  those  of l a r g e  groups i n  t h e  l a r g e  o f f -  

campus l a b o r a t o r i e s  nor ,  a t  t h e  o t h e r  extreme, t o  f a c u l t y  o r  

graduate  s t u d e n t  r e s e a r c h e r s  working i n  t h e  smal l  departmental  

l a b o r a t o r i e s .  One of t h e  most impor tant  purposes of t h e  Center  

i s  t o  f i l l  i n  t h e  gaps i n  t h i s  spectrum of  r e sea rch  a c t i v i t y  

and make it p o s s i b l e  f o r  t h e  i n d i v i d u a l  academic r e s e a r c h e r ,  be 

he f a c u l t y  member o r  graduate  s t u d e n t ,  t o  be a s s o c i a t e d  wi th  a  

s l i g h t l y  l a r g e r  group and t o  f i n d  g r e a t e r  oppor tuni ty  t o  engage 

i n  t h i s  e x c i t i n g  new f i e l d .  I b e l i e v e  t h a t  we can say t h a t  over  

t h e  p a s t  f i v e  yea r s  s i n c e  t h e  Center became an o f f i c i a l  e n t i t y  

on t h e  campus, i t  has indeed grown both  i n  t h e  s i z e  of i t s  

p h y s i c a l  p l a n t  and, more impor tant ly ,  i n  i t s  i n t e l l e c t u a l  member- 

s h i p  s o  t h a t  i t  has  made a  good beginning i n  f u l f i l l i n g  a t  l e a s t  



one of i t s  purposes.  Now you heard  much t h i s  morning of t h e  

spectrum of a c t i v i t i e s  t h a t  a r e  e i t h e r  housed o r  a r e  s h o r t l y  

t o  be housed i n  t h e  new b u i l d i n g ,  and we i n v i t e  you t h i s  a f t e r -  

noon t o  i n s p e c t  t h e  b u i l d i n g  and t o  meet some of t h e  people 

and t o  s e e  some of t h e  exper iments tha t  a r e  going on i n  it. 

May I once again  express  on beha l f  of t h e  C e n t e r ' s  many 

r e s e a r c h e r s ,  i t s  t e c h n i c a l  committee and i t s  po l i cy  committee, 

t h e  a p p r e c i a t i o n  which we a l l  f e e l  f o r  be ing a b l e  t o  work i n  

such a  f i n e  new b u i l d i n g  and, more impor tan t ly ,  t o  f u r t h e r  

express  t h e  r e s p o n s i b i l i t y  t h a t  we a l l  f e e l  t o  use it w e l l ,  

J. V. Harr ington 
A p r i l  2 5 ,  1968 




